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PREFACE 


Aftkr the discovery by Oersted in the winter of 1819 of the 
influence of an <dectric current upon a magnet, many investiga- 
tions were uii(l(M‘iaken to study the connection between elec- 
tricity and magnetism. Scliweigger constructed a simple gal- 
vanometer- in 1820 ; in the same year Arago and Davy showed 
that a steel serving needle placed in a helix carrying a current 
becain(‘ magiud.ized ; in 1823 Ampere published his great 
memoir on the ;mc‘chanical action between electric currents, 
which ('ontains tlu^ r(‘siilts of his experiments begun in. 1820 and 
his iheory in explanation; and two years later Sturgeon con- 
structed the first electro-magnet by winding a single coil of 
W'irt‘ around a bar of soft iron bent into the form of a horse-shoe, 
’'rids form of magmd, was improved by Jose])h nenry, who made 
what ht‘ (‘a,]h‘d ,his “ inhmsity ” magnet by winding a continuous 
bobbin of many thi('kiu‘ssc^s around the bent iron, bar, and his 
“ (juantity magiud. by [dacing stweral bobbins on the bar, in 
siu'h a. manmn* that t h(‘y could a.11 be joined in parallel.^^ 

Both Henry and h'araday were engaged in a search for some 
nudhod by which in th(‘ sa,me manner as an electric current 
produc(‘d magnd.ism so magnetism could produce electricity. 
]I(‘nry wa,s tlui first to disc-oven* and clearly a])preciate such a 
pro(?ess. August. 1829 he ol)S<'rv(Hl tlie prodiuddon of sparks 
l>y (‘xlra-cairnmls al hr(‘a.king, and show(id how they could be in- 
tmmifitHl hy eoiling win^ in a helix. In^ August of the 
following y(‘ar, 1830, 1 k‘ ol)S(‘rv(Hl that whenev(‘r a magnetic 
field was produet^d or altered inside a coil of wire there was 
nndn(H‘d an insiantarH‘ous (uirrent. He showed, further, the 
eonmadion ladwinm i,hc‘se two phenomena: tlie vspark and the 
induced (uirnml. 1dH‘S(^ ohseuwations were not published until 
July 1832, for naisons which ar(‘ well stated in a series of articles 
by his danghi,(‘r. Miss fhmry, in the EUctrio Jhigineer (New 
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York), VoL XIII, 1892. Henry was, at the time of these dhh 
eoveries, professor in the Albany Academy, one of the high- 
schools of the State of Hew York. He had at his disposal for 
experimental purposes one room and one month of the 3 ^ear, 
August. At other times he was occupied with teaching, and tl 'c 
room was required for lectures. He had to insulate liis 
wires, construct his own apparatus, and make all of the observij^t' 
tions himself. Consequently he was obliged often to postpor ;r 
for a year the completion of an investigation which was alreaHy 
begun. In this particular case, Plenry undoubtedly discoveu’o il 
"^Magneto-electricity^^ in 1829 and 1830, Init, being unalle 
f, o fini sh his experiments, delayed their publication. In August 
1831 he was busy making new apparatus to use in the continua- 
tion of this investigation; but September 1 found it still un- 
finished. In June 1832 he received an account of Faraday’s 
discoveries of the previous autumn and concluded to publish 
his own, however incomplete. Henry, never publicly claimed 
the discovery of induced currents, always ascribing it to Fara,day, 
because l^e was the first to publish his experinicnts. 

Faraday was at this time professor in the Royal Institution 
in London, and had at his command all of its resourccis. Me 
had tried for several years to produce electric currents from 
magnetism, but failed. In August 1831 he made an ehuttro- 
magnet on the general plan of Henry’s ""intensity magned,” a 
description of which he had seen; and on August 29, 1831, lie 
began his famous ""experimental researclies in. electricity” in 
the course of which he was soon led to diseoven* tlui .method of 
production of induced currents. On Novemlxvr 21 he r{?a(l 
before the Royal Society a paper describing Ins (liscov(vi*ies. It 
was not until 1834 that he made any study of self-ituliiction, his 
attention being called by Fleming Jenkin to tlie shock Mt on 
breaking circuits, 

goth Hen ry and Faraday recognized the fact that iho in- 
tens ity of in duced currents varied directly as the strongih of iho 
magnetk.Jidd produced, and . inyersely as tlie tiiiie i:a.k(‘n ta, 
change. But neither was able to state exactly tli 
law which connects the various quantities. In 1834 Lemz ex 

of . Ampere’s formula; and ii 

1845. F. Xenmann stated the Inw' 
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re e is the induced electromotive force, dN is the change in 
total magnetic induction in time dt. Helmholtz in his essay 
he Conservation of Energy,'’^ Berlin 1847, and Lord Kelvin 
L848 and 1851 showed that the production of induced cur- 
:s was in accord with the principle of the Conservation of 
)rgy. J. J. Thomson has, however, in his Applications of 
lamics to Physics and Chemistry, London, 1888, p. 42, 
ed attention to the fact, that when we have two circuits the 
iciple of the Conservation of Energy is not sufficient to 
uce the equations of motion, and that some other principle 
5t be assumed implicitly in those proofs which profess to 
uce these equations by means of the Conservation of Energy 
le/^ 
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ALTiroTTcm tlio (liscoYorios of Oorstod, Ar{ii’'o, faraday, and 
otlun's, lia\’(‘ {)Ia('(‘d lh(‘ iniima(o (‘oniKa'lioii of (‘lotd rit'iiy and 
nia|’*ii(d.isin in a most sirikin<;* point, of vi(‘\v, and alUioipii,ii tlu‘ 
tlK‘()ry of Ainp('‘i’(‘ has rcdVrrc'd a.ll the pli<*noiii(‘iia. of both iJicsii 
dc‘[)ariin(‘nl.s of s('i(Mi(H‘ to t.la^ same i;'(‘n(‘ral laws, y(‘t. until Ia.t,(‘ly 
oiu' tliiiyi'’ romaiiK'd to h(‘ [)rov(‘d by (‘xpri'imcnl,, in ordor inoiai 
fully to 1 ‘stablisb tboir id(‘ntity ; nanu^ly tb(‘ possibility of pro- 
diuting' ('l('(d ri('al (d'lVots I'roin nia.i;ai(‘t ism. It, is W(‘ll known I, bat, 
surp!*isin<^’ mai>’n<*ti{' r<‘sull.s (ani i‘(iadily b(‘ obla.inod Id'oin (*l(‘o~ 
iricaty, and at, I'ii’st. sii'iii it, ini^iit b(‘ sup[)os(‘d that (‘badid'a.l 
(d'IV(ds ('ould with ('(jual faoiliiy b(‘ prodma'd IVoin nia.i;'n(‘t ism ; 
but, su('h lias not bcim found t.o fx* t.ln* ('n.S(‘, foi* a.ll,bou,i;’b tbo {‘X- 
p('rim(‘nl lias oflKii Ix'cn at iomptcal, it, lias mairly as ort(‘n faibuL 
II, (xu'ly o('('urr(‘d t,o m<‘ tbai if ij!:alvani(' maicnot.s on my plan 
W(U‘o substilut(‘d for ordinary mai;*m‘l,s, in ix'sixii’cbos of Ibis 
kind, mor(‘ succx'ss mi;j;iit, 1)(‘ <‘\p(‘{*t.(‘d. Ik'si<I<‘s tboir ‘j'nait. 
pow(U‘S t b(‘S(‘ ma^’iuds f)oss(‘ss oi luu’ prop(‘rl.i(‘s, wbiob nuubu* I limn 
important instriniKuils in i,b(‘ bands of tbo oxpm’immilor ; ilaur 
polarity nan b(‘ instant, aiuxuisly roviu-sod, and lluui* nui^n<!lism 
siublmily (b'stroyod or (‘ailed into full a(‘tion, aeeordin<( as the 
o(‘(‘asion may rixpiii’c. With this vi(*w, 1 eomnien<'(‘d, last, Aip^ust,, 
tb(‘ const riu't ion of a much larji:<‘r ii:alvani<‘ ma.unet than, to my 
knowled^n, bad Ixddre been ai.timipted, and also imnb' [)r(‘para,- 
iions for a. s(‘ries of experiimnts with it on a lar|y(‘ S(*ab‘, in 
r(d‘(‘r(‘nc(‘ t,o ib(‘ {iroiluetion <d’ ebx't riei ty from mai>n(‘t isin. I 
was, bowman’, a,t, that, tinu’ aecdibntally inbu’ruptcal in lb(‘ pros- 
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resume them, until within the hist fcnv uH'oks, niul then on a, 
much smaller scale than was at first intended. In the mcain- 
time, it has been announced in tlie 117th number of the Llbranj 
of Useful Knoioledge, that the result so niucli souglit after has 
at length been found by Mr. Faraday of the Iloyal Institution. 
It states that lie has established the genera,! fad:, that wlnm a 
piece of metal is moved in any direction, in frord- of a, inagndic 
pole, electrical currents are developed in tlie nidal, which pass 
in a direction at right angles to its own motion, and also that 
the application of this principle affords a, complde and satis- 
factory explanation of the pliemnneiia of magudic* rotation. 
No detail is given of the experiments, and it is sommvliat sur- 
prising that results so interesting, and which ('(‘riainly form a. 
new era in the history of electricity and magnetism, should not 
have been more fully described before this tim(‘ in soni(‘ of the 
English publications; the only mention 1 liav(‘ found of them is 
the following short account from the Antiah of Uhilosopfiij for 
April, under the head of Proe(‘edings of th(‘ Iloyal 1 nsiii.ut ion : 

^^Feb. 17. — Mr. Faraday ga.ve an account ot the first two 
parts of his researches in electricity; nanudy, Volta, -(*h‘ct.rie 
induction and magneto-electric induction. If two wir(‘s, .1 and 
B, be placed side by side, but not in contact, and a, Voltaic (air- 
rent be passed through A, tliero is instantly a (airrent prodiu'cd 
by induction in B, in the o]>posite dircKdion. Although i]\o 
principal current in A be continued, still ih(i s(‘(U)nda,rv current 
in B is not found to accompany it, for it (!(‘as(‘s after th(‘ first 
moment, but when the principal curnmt is stoppcal tlien th(‘r(‘ is 
a second current produced in B, in the op])osite (lircndion to thal 
of the first produced by the inductive action, or in tlu‘ Huino 
direction as that of tlie principal ciirnint. 

If a wire, connected at both extr(uniti(‘s with a galvanom- 
eter, be coiled in the form of a helix around a magnd., no cur- 
rent of electricity takes place in it. This is an (‘xpcu-iimuit 
which has been made by various persons hundreds of tim(‘S, in 
the hope of evolving electricity from magmdlsm, and as in othi^r 
cases in which the wishes of the expend men t(‘r and tlu^ fads am 
opposed to each other, has given rise to very conflicting ('on- 
clusions. But if the magnet be withdrawn from or introdmu'd 
into such a helix, a current of electrieitv 
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the galvanometer. If a single wire be passed l)y a magnetic ])ole, 
a current* of electricity is induced tlirougli it wliich can be ren- 
dered sensible.^^ 

Before having any knowledge of the method given in the 
above account^ I had succeeded in ])ro(hicing electrical effects 
in the following manner^, which differs from that employed by 
Mr. Faraday, and which appears to me to develoj) soiiu^ new and 
interesting facts. A piece of copper wir(\, about thirty Ihet long 
and covered witli elastic varnish, was closcjly coilcMl around ih(‘ 
middle of the soft iron armature of the galva,nic magiud (1(‘- 
scribed in Ah)l. XIX of the Anuyrican Jonnidl of Hrieiiro, and 
which, when excited, will readily sustain bcitwcHvn six hundn'd 
and seven hundred pounds. The wire was wound uj)on itsedf 
so as to occupy only about one inch of the huigili of tlu^ a.rma,tiir(‘ 
which is seven inches in all. The arma,tiir(‘, thus furnish(‘d with 
the wire, was phiccMl in its pro])er ])osition across i.lu‘ (Uids of th(‘ 
galvanic luagm't, and tluuxi fa.sleiusl so that no motion (uudd 
take ])lace. '’.Fhe i,wo projc'cl.ing (‘uds of th(‘ lu‘Iix wovo dipp(‘d 
into two cu])S of UKTcniry, a,nd lh(‘r(‘ ('onmuded with a, dis(a,nl. 
galvanometer by nutans of two coppeu* wii‘(‘S, (‘a.ch about forty 
feet long. This a.rrang(‘m(‘nt Ixung ('omphled, I statioiuvl my- 
self near the galvanomet(u* and di nich'd an assistant at a. given 
word to inruKyrse suddenly, in a. vess(d of dilide acid, tlu' gal- 
vanic battciry at,tacli(‘d to tlii^ inagind.. At th(‘ instant of immer- 
sion, the north (Mid of th(‘ n(‘(‘dle wa,s (hd'h'ded j,o tli(‘ \V(‘st, 
indicating a, (yurnait of (‘hetiddty from lJu* ludix surrounding th(‘ 
arniatunx (dTcud, how(‘V(M* apj)(‘a,r<‘d only a.s a. singl(‘ im- 

pulse', for the ikhmUc, a,fter a, Lav oscallations, nysunuMl its forim'r 
undisturlx'd ])osition in the inagiudmi ni(‘ridia,n, although tlu' 
galvanic action of the ba.th'ry, and (‘onsi'cnKMdJy tlu' magiulh* 
pow(yr was still (u)nilnu<‘d. 1 was, how<*v(‘i’, miudi surpris(‘d l.o 
S(‘e th(! n(K!dl(i suddi'nly d('fl(‘(d,(‘d from a stale of n'st to aboul 
20“ to I, he ('a,st, or in a, (^ontra.ry din'idion wIk'ii Uk' batlery was 
withdrawn from tlu^ a,cid, and again d(‘fl(‘('led to lh(‘ W('st wIkmi 
it was r(‘-imm(M*s(‘d. This opiM*ation was n‘p(‘aled many tim<‘s 
in succession, and uniformly with tlu' sanu' result, tlu' armaiun' 
the whoh' tinu'. n'lnaining immovably attaclu'd io tlu' poh'S of 
tlie inagiKit, no motion Ix'ing leijuircul io prodinn* tlu' (‘ffcHd, as 


* PML hfaij., and Aiinaln (rf PhiloHopJiy, April, vol. XI, p. JiOO. 
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it appeared to take place only in consequence of the instantane- 
ous development of the magnetic action in one^ and the sudden 
cessation of it in the other.* 

This experiment illustrates most strikingly the reciprocal 
action of the two principles of electricity and magnetism, if in- 
deed it does not establish their absolute identity. In the first 
place, magnetism is developed in the soft iron of the galvanic 
magnet by the action of the currents of electricity from the 
battery, and secondly the armature, rendered magnetic by con- 
tact with the poles of the magnet, induces in its turn eurrents 
of electricity in the helix which surrounds it ; we have thus as 
it w^ere electricity converted into magnetism and this magnetism 
again into electricity. 

Another fact was observed which is somewhat interesting in- 
asmuch as it serves in some respects to generalize the plienom- 
ena. After the battery had been withdrawn from the acid, and 
the needle of the galvanometer suffered to come* to a statcj of 
rest after the resulting deflection, it was again dt‘fl(‘ct(‘d in th(‘ 
same direction by partially detaching the a,rmature from the 
poles of the magnet to which it continiual to adhere from th(‘ 
action of the residual magnetism, and in this way, a, series of 
deflections, all in the same direction, was produccal l)y meia^ly 
slipping off the armature by degrees until tlie contact was vn- 
tirely broken. The following extract from the regisier of ih(‘ 
experiments exhibits the relative deflections obscnwcid in oru^ 
experiment of this kind. 

At the instant of immersion of tlie battery, dcditud.ion 10° w(‘sh 

At the instant of emersion of tlie battery, IS® (‘as!,. 

Armature partially detached, 7®(‘asl. 

Armature entirely detached, 12° (‘ast. 

The effect was reversed in another experiment, in whic^h i.h{‘ 
needle was turned to the west in a, sori(‘s of dd'h^Iions by dip- 
ping the battery but a small distance into tlu^ acid at first ami 
afterwards immersing it by degrees. 

From the foregoing facts it appears that a, current of o.Wc- 
tricity is produced, for an instant, in a. hdix of <' 0 [)p(u* wii*(‘ sur- 
rounding a piece of soft iron whenever niagnel.ism is indiU'CMl 




.. .v. ...f 


* f This exmriment 'inaa ji.t 
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in the iron; and a current in an. opposite direction wluai ihe 
magnetic action ceases; also tluit an i7istani,{UKK)us currcjit in 
one or the otlier din'ction accompanies every clninge in t]i(‘ 
magnetic intensity of the ii*on. 

Since reading the account Ixrfore giv(‘n of Mr. l^'a/raday’s 
method of producing electrical currents 1 liav(‘ a.tl:(‘ni[)l,(‘(l io 
combine the effects of motion and induction ; for ibis {)ur{)os(‘ a 
rod of soft ii'on ten inches long and one inch and a (juart(‘r in 
diameter^ was attached to a common turning lailuc a.nd sur- 
rounded with four helices of copper wire in such a, inaninn- ihat 
it could be suddenly and powerrully inagrudizcHl, while in rapid 
motion^ by transmitting galvanic currents througli thr(‘e of th(‘ 
helices; the fourth bcM’ng connected with tlu^ distant galvanom- 
eter was intended to transmit tlu^ current of induc(‘d cdectiabdiy ; 
all the lie]ic(‘s were stationary whiles tlu; iron rod revolv(‘d on its 
axis within tliein. b^roni a number of i, rials in su('(;(‘ssi()ii, firsi. 
with th(‘ rod in one direction, then in tlie o|)posit(\ and invxt in a 
state of rest, it was conclud(‘d that no p(M-c(‘pl.ibl(‘ (d‘r(H‘t was 
])roduced on tlie intensity of the nmgnclo-elvrlrio (mrix^nt by a 
rotary motion of the iron combined with its sudden magnc^li/a- 
tion. 

Tlie same apparatus, liowevcu*, (‘urnislKul th(‘ im^ans of imsasur- 
ing separately the redative^ powcu* of motion and indu(;tion in 
producing (‘h^ctrical curr(‘nts. Idui iron rod was first magmd.- 
ized by curnmts through th(‘ h(‘lic(‘s a.tta.(di(Ml to tlui laittery and 
wlnl(‘ in this sta.t(‘ oiu^ of its (unls wa,s <pii(d<ly introduccal into 
the lielix coniu'chal with th(‘ gal vanonud.m* ; ili(‘ (hd'h'ction of tlu^ 
tkhhIIc in this (^asc^ was s(;v(‘n d(gn‘(‘s. ''hlu^ (md <d' (,h(^ rod was 
next introdii('(‘d into th(‘ sain<‘ ludix whih^ in its natural stal(‘ 
and then suddeudy magn(‘tiz<‘d ; th(‘ defhutlion in (his ins(.anc(‘ 
amoun(:(Ml (,o thirty d(gr(H‘s, showing a gn^it sup<n*ioril,y in thc' 
method of indmdton. 

The next att(‘mf)t was io inc.r<'a.s(‘ th(‘ inaf/nrltf-rlrrlrla (d'leel 
while the magiKd.ic ])ower r(‘ma,in(‘d ihe sani(‘, afid in (his I was 
.rnon^ su(;('(‘ss( ul. Ihvo iron rods six in<*h(‘s long and on<^ imdi 
in dianudxu', w(!re (‘acdi siirrounde(I by two h(‘li<M\s and (Jum placed 
perpendicularly on th(‘ fac(‘ o(‘ tlu‘ a.rmal.ure, and b(d,W(Hm i(, and 
the poles of tli(‘ rnagnei., so that (‘a(di rod (*orni(‘d as it W(‘r(‘ a 
•prolongation of ihe pol(‘s, and to (.h(‘S(^ (,h(‘ arma.luic adluuvd 
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rent from one helix produced a deflection of thirty-seven de- 
grees * from two helices both on the same rod fifty-two degrees, 
and from three fifty-nine degrees; but when four helices were 
used, the deflection was only fifty-five degrees, and when to 
these were added the helix of smaller wire around the arma- 
ture, the deflection was no more than thirty degrees. This 
result may perhaps have been somewhat affected by the want 
of proper "insulation in the several spires of the helices; it how- 
ever establishes the fact that an increase in the electric current 
is produced by using at least two or three helices instead of one. 
The same principle was applied to another arrangement which 
seems to afford the maximum of electric development from a 
given magnetic power ; in place of the two pieces of iron and the 
armature used in the last experiments, the poles of the magnet 
were connected by a single rod of iron, bent into the form of a 
horse-shoe, and its extremities filed perfectly flat so as to come 
in perfect contact with the faces of the poles ; around the middle 
of the arch of this horse-shoe, two strands of copper wire were 
tightly coiled one over the other. A current from one of these 
helices deflected the needle one hundred degrees, and when both 
were used the needle was deflected with such force as to make 
a complete circuit. But the most surprising effect was produced 
when instead of passing the current through, the long wires to 
the galvanometer, the opposite ends of the helices were held 
nearly in contact with each other, and the magnet suddenly 
excited ; in this case a small but vivid spark was seen to pass 
between the ends of the wires, and this effect was repeated as 
often as the state of intensity of the magnet was changed. 

In these experiments the connection of the battery with the 
wires from the magnet was not formed by soldering, but by two 
cups of mercury which permitted the galvanic action on the mag- 
net to be instantaneously suspended and the polarity to be 
changed and rechanged without removing the battery from the 
acid; a succession of vivid sparks was obtained by rapidly inter- 
rupting and forming the communication by means of one of these 
cups; but the greatest effect was produced when the magm^tism 
was entirely destroyed and instantaneously reproduced by a 
change of polarity. 

It appears from the May number of the An.^ials of\ Philosophy 
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sparks from the magnet by Mr. James I). Forbes of Iklinburgii^ 
who obtained a spaj*k on the JUtJi of Mareli ; my experi mejits 
being made during tlie last two weeks of June. A simpler 
notification of his result is giveig witliout any a(‘eouMt of tlu* 
experiment^ winch is reserved for a con.nnimica,tion to the Itoyal 
Society of Edinburgh; my result is ther(J.'o.re entirely inde- 
pendent of his and was undoubtedly (jbtained by a different 
process. 


Electrical s(df -induct ion, in a long helical wire 

] have made sevaunl otlu^r {‘xperrinumts in I’cihition to the sanie 
subject, but whicli mon' imj)orta,nt diiti(‘S will not pcuniit nui to 
verify in time for this ])a|)(‘r. 1 may howev(U‘ numtion om; ra,(tt 

whicli I have not seen noticed in any work, and whicdi apjx'ars 
to me to b(dong to the saim^ (dass of phenomena, as thost.^ be fori; 
descril)ed; it is this: wdun a. sma.ll ba.ttin’y is niod(‘ra.t(dy (ixedh'd 
by diluted acid, and its poles which should b(i Uuanimihul by cups 
of mercury, ar(‘ comu'chal by a. coppew win^ noi, inon^ lhan a, foot 
in length, no spark is p(u*(‘(‘iY(‘d wh(‘n (‘oniUKilion is (fithiu* 
tornu'd or broken; bid, if a. wire* thirl, y or rori,y le(‘t long Ik^ 
usc‘d inst(5ad of ilu^ sliort win^, though no spark will p(a’- 
cepi.il)l(‘ whin ihi* ('onneitlion is made, yet whin it is bi’okin by 
drawing on(‘ ind of the wir(‘ from ils inp ol* mercury, a, vivid 
spa,rk is [irodiii'i'd. If th(‘ aidion of thi^ baitery be viny irdinse. 
a, spark will bi^ givin by lh(‘ short wirm in this cas(‘ it is only 
neci'ssary to wait a, few minuies until the ailion f)a.rtia.lly sub- 
sidies, and until no more s})a.rks arie givin fi'nin (.he short win^; 
it thii long wire bie now substitutied a spark will again hie ob- 
ta.ined. Jdii' erhud, a[)p{‘a,rs somievvha.t incri'ased by coding tb(‘ 
wire into a. helix; i( semis also to di'pind in smn(‘ mi'asure on 
the length and thii-kni'ss of lh(‘ wir(‘. I can aci'ount for thes(‘ 
])benom(ena only by sujiposing th(‘ long wii’e to bee.omie leharged 
wii.h elect rii'ity, whiidi by its ri'-action on itself pi’ojecl.s a spark 
when tine connection is brokin.*** 


* I T/m expermicn f, was performed in AufjUHt | 
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On the Influence of a Spiral Oonductor in iNCUEARiNn the 
Intensity of Electrkuty from a OAiiYANio Akkanoemiont of a 
Single Pair, etc. 


By JOSEPH HENRY 

{IVanmcUom American PMLomp?dcctl Society, n. 8 ., Vol. V. pp. 22 J- 
231, read February G, 1835; Scientijic WritingH, Vol. I, p. 1)2.) 

In tlio Amicrlcan Journal of Sdmce for July 1832, I an- 
nounced a, faxiL iu (lalvanism which 1 b(ili(;vc liad ncviu* Ind'orc 
boon pnblisIuMl. sa, uh* laid,, liowiwcr, apfx'ars In lia,V(‘ b(‘cn 

since observcul l)y Mr. Faraday, a.n(l has la,i(‘ly Ixuui noli('(Mi by 
him in tli(‘ Novnmlxir iHimlK'r oi* l,!i(‘ Ijondou, and, Pldlnburgli 
Journal of Hclenco for 

JMui pluvnomemon as d(‘scrib(Ml by nu^ is as follows: VVIum a 
small baJ-icry is nxxhu’abdy (‘xidied by diliiliMl anid, and ils 
])()Ics, terminalixl by (nips of nu'nniry, an^ (uihik'cIim! liy a, (^opjxn* 
wire not more* iluui a, foot in hm^’l.h, no spaadc is i)(‘r(X‘iv(‘d wlxm 
iiie conneadion is cnilun* rornuxl or broken; but if a. win^ l.hirl.y 
or loriy Iced, lon^j;’ Ix^ us(xl insi(‘a,d of ilu! short wir(‘, iJion^^ii 
no spark will Ix' p(‘r(X‘piibl(‘ when ih(‘ (xinmndion is mad<n yt‘t 
wluvn it is broken by drawing one^ end of I, he* wire* from its cup 
of mcrenirv, a, vivid spa.rk is prodiiexMl. If the* aed-ion of the* 
battery be^ very intense*, a spark will be give*!) by a short win*; 
in this e^ase* it is only neenssa-ry to wait a, feav mimit(*s until the 
action [laadially subside‘s, and until no more* sparks ai’e* give*!! 
■from tlu* wire; if the* lon^^ wire be now substitute*!! a. spark will 
be a, gain obtained. The* (‘fleet app(‘a.rs vSom(‘wIia(. increase*!! by 
coiling the wire* into a ludix; it se‘(‘ms also to de^[)cnd in some 
me*asnre on tfui length and Ihiedaiess of (he* wire*. I eavn aueouni, 
for ih(*so ])]Knom(‘na. only by supposing the* long wire^ to become* 

13 
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charged with electricity, which by its re-action on itself projects 
a spark when the connection is broken/'* 

The above was published immediately before my removal from 
Albany to Princeton, and new duties interrupted for a time the 
further prosecution of the subject. I have, however, been able 
during the past year to resume in part my investigations, and 
among others, have made a number of observations and ex- 
periments which develop some new circumstances in reference 
to this curious phenomenon. 

These, though not as complete as I could wish, are now pre- 
sented to the Society, with the belief that they will be interesting 
at this time on account of the recent publication of Mr. Faraday 
on the same subject. 

The experiments are not given in the precise order in which 
they were first made, but in that which 1 deem best suited to 
render them easily understood; they have, however, been repcjated 
for publication in almost the same order in which they are hero 
given. 

1. A galvanic battery, consisting of a single plate of ^inc and 
copper, and exposing one and a half square feet of zinc surra,ce, 
including both sides of the plate, was excited with dilutcMl sul- 
phuric acid and then permitted to stand until the intemsity of the 
action became nearly constant. Tlie poles connected by a ])iece 
of copper bell-wire of the ordinary size and five inches long, gave 
no spark when the contact was broken. 

2. A long portion of wire, from the same piece with tha,t used 
in the last experiment, was divided into equa,l lengths of fifteuvn 
feet, by making a loop at each division, wliich could l)e inscirted 
into the cups of mercury on the poles of the battery. Thes(i 
loops being amalgamated and dipped in succession into one of 
the cups while the first end of tlie wire constantly remained in 
the other, the effect was noted. The first length, or fifteen fend-, 
gave a very feeble spark, which was scarcely perceptible, ''fhe 
second, or thirty feet, produced a spark a little more inl.cmse, 
and the effect constantly increased with each additional length 
until one hundred and twenty feet were us(id ; beyond tins tlnuMi 
was no perceptible increase; and a wire of two hundred and 
forty feet gave a spark of rather less intensity. From oilier 
observations I infer that the len<rth necessary to nroduee a, 
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maximum result, varies with the intensity of the action of tiu* 
battery, and also with its size. 

3. With equal lengths of copper wire oT luUMjual (lia,nud,crs, 
the effect was greater with the larger; tliis also aj)])ears to 
depend in some degree on the size of the battery. 

4. A length of about forty feet of the wire used in expcu'i- 
ments first and second was covered with silk and (toiled into 
a cylindrical helix of about two inches in height and the sa,me 
in diameter. This gave a more intense spark tlian the saane 
wire when uncoiled. 

5. A ribbon of sheet copper nearly an inch wide, and {,W(mty- 
ciglit and a half feet long, was covered witli silk, and rolled inl.o 
a flat spiral similar to the form in whi(ih wookm bindiiig is 
found in commerce. With this a vivid s{)ark was pr()due(Ml, iw- 
companied by a loud snap. The vsame ribbon iim-oilc'd gave; a 
feeble spark similar in intensity to that pi*odiU'ed by tla^ wire 
in experiment third. Wluui (ioikal aga.in the snap was prodii(‘(Ml 
as at first. This was rcqaaibKl many times in siHa;<‘ssion, a, ml 
always with the same rc'sult. 

(). 4\) test still farther the infliunuxi ol* coiling, a, scicond rib- 
bon was procured pr(‘cisely similar in kmgth and in all ollau* 
respects to fho one us(;d in. tlu^ last exp(U’im(ud.. '“riu* (d’IV(‘t 
was noted wifh one of tluise coik‘d into a, flat S[)iral and th(‘ 
otlier uncoik'd, and again with th(‘ first inH'oiled a, ml tli(‘ s<'(toml 
coiled. Wlum um'.oikMl (‘ach gave a, r<‘(Th‘ s[)ark of appa.nmtiy 
equal intensity, wlum eoik‘d, a loud snap. ()m‘ of iJu'se ribbons 
was mext doubkid inlo two (‘(jua,l si-ra.nds, and (Jam rolh^d into 
a doubki spiral wiih the point of doubling a,(, i.h<‘ e(m(,i*(‘. Ily 
tliis arrangememt, th(‘ electricity, in pa.ssing i,h rough (lu^ spiral, 
would move in ofiposite diixa-tions in (^a,ch cotd.iguous spin*, and 
it was sii])pos(‘(l that in Ibis <‘a.s<^ th<‘ opposil,(‘ a.('tions whicdi 
might b(^ produced would nmitralizi' (‘a,('h other. The result 
was in a,(^cordamu‘ with th(i anticipafion ; i.h(^ douhl(‘ spiral gave 
no spark whal.(‘V(‘r, whik^ {Ih^ oi.hm* ribbon (‘oik‘d inlo a, single 
spiraJ prodiHKMl as bid’on^ a. loud snap. IjcsI, th(‘ <d*(e(d, inighi 
be due l,o sonu' aciddimtal touching of (h(‘ diflennit spires, th(‘ 
double spiral was (aivinxal with an additional coaling of silk, and 
also the oth(U‘ ribbon was coiled in tlui sa,me maiimu'; th(‘ (dTed 
with both was the same. 

7. In order to in(‘r(‘ase if possibk? th(‘ ini.ensilv of tlu^ snark 
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while the battery rcyiriaincd the same, lai-g-(‘r spirals wore applied 
in succession. The effect was increased until oiu^ oi niiKhy-six 
feet long, an inch and a half wide and weighing firt(‘c‘n pounds 
was used. The snap from this was so loud tlnit it could be 
distinctly heard in an adjoining room vvdtli the initu-vcming door 
closed. Want of materials has prevented me from trying a, 
larger spiral conductor than tliis, ])ut it is probable lhat tluuu 
is a length which, witli a given (piantity and intensity of galvan- 
ism, would produce a maximum et'fect. Wlum tlu‘. size; of ihe; 
battery is increased, a much gn^ater (;ffect is produce'd with the 
same spiral. Thus when the galvanic appa.ratus, d(‘S(;rib(‘d in 
the first article, is arranged as a ealori motor ot‘ (;ighl. pairs, 
the snap produced on breaking contact, with tlu; spiral last 
described, resembled the discharge of a small Jjcydtm jar highly 
charged. 

8. A handle of thick c<)})p(‘r was soldered on eaxdi (nd of iJie 
large spiral at right angles to tlu; ribluin similar to tliosc; at- 
tached to the wir(‘s in Pixii's magneto-chad ri<' macdiinc' for 
giving shocks. When one of tlu'se was graspc'd l)y (;a,(di hand, 
and the contact broken, a sliock was rcH'cdvcMl which was fedt 
at the elbow's, and this was rc'pc'a.tcul as ol'ien as the* c'onlacd; was 
broken. This shock is ratheu’ a. singular phenomenon, sinc(‘ 
it appears to be ])roduc(‘d by a. lafcu-al discdmrgc', and il. is (liiu'c*- 
fore important to delxu-miiu; its dir(;(dion in ndVrcncM^ to th(‘ 
primary curi’c'nt, 

9. A sliock is also rc'ccu’vcul when the coppeu* of llu‘ hatt<‘ry is 
grasped by one hand, and tlu; handle^ attacduxl (o tlu; c'oppcn* pole 
of the ribbon with the oilu'r. ''fliis may Ik* (;all(‘d liu; dir(;(d, 
shock, since it is produc'C'd by a. fiart of the* dir(;(;t (nrr<‘nl,. It 
is, however, far lc‘ss int(*ns(; tlnin that [iroducnd by the; ladnnil 
discharge. 

10. When tlie poles were joined by two (K)ils, c'onnc'cdc'd by a 
cup of mercury between tlu‘m, a. s])ark was j>ro(lue(‘d by breadving 
the circuit at ihe middle* ])oint, and w}u;n a, pair of jdalina wins 
was introduced into the* ei remit wdih the large* (toil and imm(‘rs(‘d 
in a solution of acid, d(‘eom])osition took jdaeu* in the; liepiid at 
each rupture of contact, as was sliown hy a, bubble; of gas give*!! 
off at each wire. It must be rec()I](;et(*d that, the* sliocks and the* 
decomposition here d(yscri])ed were produced l)y the; (;le‘ct !*i(dty 
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11. The contact with the poles of the battery and the large 
spiral being broken in a vessel containing a iiiixtnre of hydrogen 
and atniosplierie air, an explosion was produced. 

I should also mention that the spark is generally attended 
with a deflagration of the mercury, and that when the end of 
tlie spiral is ijrought in contact witli tlie edge of the copper cup 
or the plate of the battery, a vivid deflagration of the metal 
takes place. The sides of the cup sometimes give a spark when 
none can be drawn,_ |rpne^ ^ suTd^ccy 
circumstance ?eq\iiresd<> be, guarded aga.^ ls^^^|he|£itti^|Jly 
on the GOnTparafrYombiteii^tines of 'spalEs*^Jroui Tlirf(u\uTt'’hif- 
rangements. If tlu^ batteiy as a 

calorimotor and one ei1^dlmr"larijb,^fal c()ndu^ be at- 
tached to one (md of 

the eonnectoi', a, sc^tenff^mld^alfd I'ain'd (^l]#*fTms ^ilpfllmiced, 
accompanied by a. brilliant (hdlagralion of i.lu' md.al, and this 
takes pla.e(‘ when l.lu) excitement of the baltery is ioo f(jeble to , 
heat to r(‘dn(‘ss a, small pla.tina wire. 

]2. A number of ccxpeilments w(‘re mad(! to dehirmirie th(^ 
(‘fleet of introdiK'ing a, (y'lindc‘r of soft iron into the axis of the 
flat spira'l, in r(vfc‘r(!nc(‘ to tlu^ shoede, the spark, etc., l)ut no 
difleixauie could I)e obsc'rvcal with the la.rgc‘. spiral ennduetor; 
the (d'feet of llui iron wa,s ni(‘rg(^d in tha.t of the spiraJ. Wlum, 
]iow(‘ver, on(‘ of th(^ smalh'i* ribbons wa.s fornuMl into a, hollow 
eylindri(‘al luilix of a, bout nine iiuduis long, a,nd a, cylindcu* of 
soft iron an inch a,nd a, half in diamcdxu’ was inscudcal, the spark 
app(‘ar(‘d a, little mor(‘ ini(‘ns(‘ thaai withoui- lh(‘ iron, ddie 
obli(juity of tin; s])ir{.‘s in this ca.s(* wa.s unra,vora.bh^ to tluar 
mutual a.(daoM, whil(‘ tln^ magnetism wa.s gnsa.hw than with tli(^ 
flat spiral, siiu^e i.he conductor (dos(dy surroumhal the whole 
hvngi.h <>r th(‘ cylinder. 

I would inf(‘r from th(‘S(^ (‘xpcu'iuKmts, fha.t some (d'f(‘(ds 
heretoFoix^ a.ttribui,(*d to magn(‘t(Md(?ctri(^ a.c'tion a,r(‘ chi(‘riy du<‘ 
to th(‘ r(‘a<'i.ion on (‘a.(di other of th(‘ sev(‘i‘al spin's of th(^ coil 
which surround I, he nuignet. 

\2). OiK' of (,h(‘ mosi, singula, r n'siilts in this inv(‘stiga,tion was 
first ol)tained in o])(U‘ating with tlui hiigx^ ga,iva,ni(^ l)a,ttery. d''l\(‘ 
whole insi,rum(vnt was a;rra.ng(‘d as a, ealori motor of eight 
pairs, a,nd a, larg(i s|)ira.l (‘onductor ini;rodue<‘d into ilu‘ (urcuit 
at a (I. while a niece of thicik Conner wii'e aboui. five ijiclies loim’. 
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united the poles at a &. In this state an explosion or loud snap 
was produced, not only when the contact was broken at the spiral, 
but also when one end of the short wire, at the other extremity 
of the apparatus, was drawn from its cup. All the other short 
movable connectors of the battery gave a similar result. When 
the spiral was removed from the circuit, and a short wire sub- 
stituted, no effect of the kind was produced. From this ex- 
periment it appears that the influence of the spiral is exerted 
through at least eight alternations of zinc, acid, and copper, and 
thus gives to a short wire, at the other extremity of the circuit, 
the power of producing a spark. 

14. The influence of the coil was likewise manifest when the 
zinc and copper plates of a single pair were separated from each 
other to the distance of fourteen inches in a trough without 
partitions, filled with diluted acid. Although the electrical 
intensity in this ease must have been very low, yet there was but 
little reduction in the apparent intensity of the spark. 

The spiral conductor produces, however, little or no increase 
of effect when introduced into a galvanic circuit of eonsidcra.ble 
intensity. Thus when the large spiral used in experiments 
seven, eight, etc., was made to connect the poles of two Cruick- 
shanks troughs, each containing fifty-six four-inch plates, no 
greater effect was perceived than with a short thick wire ; in 
both eases in making the contact a feeble spark was given, 
attended with a slight deflagration of the mercury. The bat- 
teries at the same time were in sufficiently intense action to 
give a disagreeable shock. It is probable, however, that if the 
length of the coil were increased in some proportion to the in- 
crease of intensity, an increased effect would still be produced. 

In operating with the apparatus described in the last experi- 
ment, a phenomenon was observed in reference to the action of 
the battery itself, which I do not recollect to have seen men- 
tioned, although it is intimately connected with the facts of 
Magneto-electricity, as well as with the subject of these in- 
vestigations, viz.: When the body is made to form a part of 
a galvanic circuit composed of a number of elements, a shock 
is of course felt at the moment of completing the circuit. If 
the battery be not very large, little or no effect will be perceived 
during the uninterrupted circulation of the galvanic current. : 
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pointy a sliock will be felt at the moment^ nearly as intense as 
that given when the contact was first formed. The secondary 
shock is rendered more evident, when the battery is in feeble 
action, by placing in the mouth the end of one of the wires 
connected with the poles; a shock and flash of light will be 
perceived when the circuit is completed, and also the same when 
the contact is broken at any point, but nothing of the kind will 
be perceived in the intermediate time, although the circuit may 
continue uninterrupted for some minutes. This I consider an 
important fact in reference to the action of the voltaic cur- 
rent. 

The phenomena described in this paper appear to be intimately 
connected with those of Magneto-electricity, and this opinion I 
advanced with the announcement of the first fact of these re- 
searches in the American Journal of Science. They may I 
conceive be all referred to that species of dynamical Induction 
discovered by Mr. Faraday, which produces the following phe- 
nomenon, namely : when two wires, A and jB, are placed side by 
side, but not in contact, and a voltaic current is passed through 
A, there is a current produced in B, but in an opposite direc- 
tion. The current in B exists only for an instant, although 
the current in A may be indefinitely continued; but if the cur- 
rent in A be stopped, there is produced in 5 a second current, 
in an opposite direction, however, to the first current. 

The above fundamental fact in Magneto-electricity appears 
to me to be a direct consequence of the statical principles of 
"'Electrical Induction’' as mathematically investigated by Cav- 
endish, Poisson, and others. When the two wires A and B 
are in their natural state, an equilibrium is sustained by the 
attractions and repulsions of the two fluids in each wire; or, 
according to the theory of Franklin and Cavendish, by the at- 
tractions and repulsions of the one fluid, and the matter of the 
two wires. If a current of free electricity be passed through 
A, the natural equilibrium of B will be disturbed for an in- 
stant, in a similar manner to the disturbance of the equilib- 
rium in an insulated conductor, by the sudden addition of 
fluid, to a contiguous conductor. On account of the repulsive 
action of the fluid, the current in B will have an opposite direc- 
tion to that in A ; and if the intensity of action remains con- 
stant, a new state of equilibrium will be assumed. The second 
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state of B, however^, may perhaps be regarded as one of tension, 
and as soon as the extra action ceases in it, the fluid in will 
resume its natural state of distribution, and thus a returning 
current for an instant be produced. 

The action of the spiral conductor in producing sparks is but 
another case of the same action; for since action and reaction arc 
equal and in contrary directions, if a current established in A 
produces a current in an opposite direction in B, then a current 
transmitted through B should accelerate or increase the intensity 
of a current already existing in the same direction in In this 
way the current in the several successive spires of the coil may 
be conceived to accelerate, or to tend to accelerate, each other; 
and when the contact is broken, the fluid of the first spire is 
projected from it witli intensity by the repulsive action of the 
fluid in all the succeeding spires. 

In the case of the double spiral conductor, in experiment six, 
the fluid is passing in an opposite direction ; and a,ccording to 
the same views, a retardation or decrease of intensity should 
take place. 

The phenomenon of the secondary shock with Iho ])a.ttery ap- 
pears to me to be a consequence of the law of l\l r. ha,ra,day. The 
parts of the human body contiguous to those tlirough which the 
principal current is passing, may be considered a,s in the sta,te of 
the second wire 7i; when the principa,! current c(*ases, a shock is 
produced by the returning current ol' the natural electricity of 
the body. 

If this explanation l)o correct, tlie same princdple will nxa.dily 
account for a curious ])h(mom(‘non dis(.*overed sev(U'al ycairs since 
by Savary, but whicli 1 believe still r(*mains an isohdxKl ra,ct. 
When a current is transmitted through a win', and a numb(‘r of 
small needles are placc'd transvei’se to it, but a.t diflnrent, dis- 
tances, the din'ction of the magnetic polarity of tlu^ mndh^s 
varies with tlieir distance from the conducl.ing winx Th(‘ a.f'iion 
is also periodical; diminishing as tlu* disi.am'i^ incr(‘a,s(‘s, uni.il it 
becomes zero ; the polarity of tlie needhis is th(‘n inv(n*i(ul,a('(niires 
a maximum, decreases to zero again, a, ml thc'n r(‘suni(hs iJu' first 
polarity ; several alternations of this kind being ol)S(‘rv(Hl.*‘' Now 
this is precisely what would take place if we siip[)os(i tluit the 
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principal current induces a secondary one in an opposite direc- 
tion in the air surrounding the conductor^ and this again another 
in an opposite direction at a great distance^ and so on. The 
needles at different distances would be acted on by the different 
currents, and thus the phenomena described be produced. 

The action of the spiral is also probably connected with the 
fact in eornnion electricity called the lateral discharge : and like- 
wise with an appearance discovered some years since by Nobili, 
of a vivid light, j^roduccd when a Leyden jar is discharged 
through a flat spiral. 

The foi'cgoing views are not presumed to l)e given as exhibit- 
ing the actual operation of nature in pT-oducing the phenomena 
described, but rather as the hy])othcses whicli have served as the 
basis of my investigations, and wbich may further serve as 
formuhe from which, to deduce new consecpiences to be estab- 
lished or dis])roved by ex])erini(‘nt. 

Many ])oint;s of this subject a, re involvcid in a,n obscurity which 
r(‘(|iiir(‘s more ])recise and extended invc^stigation ; we may, how- 
evcM-, confidently a.nticipa.i.e mu(di additiona'l light from the 
protuised ])ul)lica;ii()n. of Mj'. .I^Mraday’s late r’osea, relies in this 
lu'amdi of science. 
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On Electro-Dynamic Induction 
By JOSEPH HENEY 

(IVansactions American PhilosopJdcal Society, n, s., Vol. VI, pp. 303- 
337, read November 2, 1838 ; Scientific Writings, Vol. 1, p. 108.) 

Introduction 

1. vSiNCE my investigations in reference to the infhience of a 
spiral conductor, in increasing the intensity of a galvanic cur- 
rent, were submitted to the Society, the valuable paper of Dr. 
Faraday, on the sa,me subject, has been published, and also 
various rnodificalions of the principle have been made by Stur- 
geon, Masson, Ibige, and others, to increase tlie effects. Thci 
spiral conductor has likewise been applied by Cav. Antinori to 
produce a spark by the action of a tluirmo-electrical pile; and 
Mr. Watkins lias succeeded in exliibiting all the phenomena of 
hydro-electricity by the same means. Altliougli the principle 
has been much e.vtended by the researches of Dr. Faraday, yet 
1 am ha])py to state that the results obtained by this distin- 
guished philosopher are not at variance with those given in my 
pa, per. 

2. I now offevr to tlie Hocicty a new series of investiga,tions in 
the same liru^, whicdi I hope may also be (jonsidered of sufficient 
importance in merit a place in the ’'Pransacitions. 

3. ddie ])rima,ry object of these investiga,tions was to discover, 
if possible, inductive' actiions in common (‘le(;tricity analogous 
to those found in galvanism. For this purpose a series o:f ex- 
periments was commenced in the spring of 183f), but I was at 
that time diverted, in part, from tlie immediate object of my 
research, by a new inv(‘stigation of the phenomenon known iri 
common electricity by the name of the lateral discharge. Circum- 

25 
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stances prevented my doing anything further;, in the way of ex- 
periment, until April last, when most of the results which I now 
offer to the Society were obtained. The investigations are not 
as complete in several points as I could wish, but as my duties 
will not permit me to resume the subject for some months to 
come, I therefore present them as they are; knowing, from the 
interest excited by this branch of science in every part of the 
world, that the errors which may exist will soon be detected, and 
the truths be further developed. 

4. The experiments are given nearly in the order in whicli 
they were made; and in general they are accompanied by the 
reflections which led to the several steps of the i n vest igat ion . 
The whole series is divided, for convenience of arrangement, into 
six sections, although the subject may be considered as consist- 
ing, principally, of two parts, the first relating to a new exami- 
nation of the induction of galvanic currents, and the second to 
the discovery of analogous results in the discharge of ordinary 
electricity. 

5. The principal articles of apparatus used in tlie experiment 
consist of a number of fiat coils of copper ribbon, wliicli will be 
designated by the names of coil No. 1, coil No. 2, etc.; also of 



Fig. 1. — <2 represents coil No. 1, b coil No. ‘4 ami c coil No. .'5 ; a the batt<!ry, 

d the rasp. 

several coils of long wire; nnfl these, to distinguish tlieni from 
the ribbons, will be called helix No. 1, helix No. 2, (dc. 

6. Coil No. 1 is formed of thirteen pounds of eo|)per plate, 
one inch and a half wide and ninety-three feet long. It is widl 
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covered with two coatings of silk, and was generally used in the 
form represented in Eig. 1, which is that of a flat spiral sixteen 
inches in diameter. It was, however, sometimes formed into a 
ring of larger diameter, as is shown in Fig. 4, Section III. 

7. Coil No. 2 is also formed of copper plate, of the same 
width and thickness as coil No. 1. It is, however, only sixty feet 
long. Its form is shown at Fig. 1. The opening at the 
centre is sufficient to admit helix No. 1. Coils Nos. 3, 4, 5, 6, 
etc. are all about sixty feet long, and of copper plate of the same 
thickness, but of half the width of coil No. 1. 

8. Helix No. 1 consists of sixteen hundred and sixty yards of 
copper wire 1/49 th of an inch in diameter. No. 2 of nine liun- 



Fio. 2. — a represents lielix No. 1, b helix No. 2, c helix No. 3. 

dred and ninety yards, and No. 3 of three Inindred and fifty 
yards, of tiie same wire. These helices are shown in Eig. 2, and 
are so adjusted in size as to fit into ea,ch other, thus forming 
one long lielix of three thousand yards: or by using them se])- 
arattdy, a, ml in different combinations, seven helices of different 
lengths. 3die wire is covered with cotton threa.d, saturated with 
b(‘(‘swax, a,nd between each straluin of spii’es a coating of silk is 
inter|)()sed. 

9. Helix No. 4 is shown at a, Fig. 4, Section HI ; it is formed 
of five hundred and forty-six yards of wire, 1/4 9th of an inch 
in diameter, the seviu-al siiires of which ari; insulated by a coat- 
ing of (^‘immt. Ii(4ix No. 5 consists of fifUum ImndriMl ya.i'ds 
of silvered <',o})per wire, l/12r)th of an inch in diameter, covered 
with cotton, and is of the form of No. 4. 

10. Ecsides theses I was Livored with tlui loan of a. large s])ool 
of cop|)(u* wire (iovered with cotton, l/Kitb of an inch in dia,m- 
(4,er, and five miles long. It is wound on a, small axis of iron, 
and forms a, solid cylinder of wire, eighteevn imdies long and 
thirteen in dianuitcu’. 

It. For determining th(‘ direction of induced curnmts, a mag- 
nei.izing spiral w^as g(‘m‘rally us(‘d, which consists of about thirty 
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spires of copper wire^ in the form of a cylinder^ and so small as 
just to admit a sewing needle into the axis. 

12. Also a small horseshoe is frequently referred to, which is 
formed of a piece of soft iron, about three inches long, and 
2/5ths of an inch thick; each leg is surrounded with about five 
feet of copper bell wire. This length is so small that only a 
current of electricity of considerable quantity can develop the 
magnetism of the iron. The instrument is used for indicating 
the existence of such a current. 

13. The battery used in most of the experiments is shown in 
Fig. 1. It is formed of three concentric cylinders of copper, 
and two interposed cylinders of zinc. It is about eight inches 
high, five inches in diameter, and exposes about one square foot 
and three quarters of zinc surface, estimating both sides of the 
metal. In some of the experiments a larger battery was used, 
weakly charged, but all the results mentioned in the paper ex- 
cept those with a Cruickshank trough, can be obtained with one 
or two batteries of the above size, particularly if excited by a 
strong solution. The manner of interrupting the circuit of the 
conductor by means of a rasp, 5, is shown in the same figure. 

Section* 1 

Conditions which Influence the Induction of a CwTcnt on itself 

14. The phenomenon of the spiral conductor is at present 
known by the name of the induction of a current on itself, to 
distinguish it from the induction of the secondary current, dis- 
covered by Dr. Faraday. The two, however, belong to the same 
class, and experiments render it probable that the spark givtoi 
by the long conductor is, from the natural electricity of the 
metal, disturbed for an instant by the induction of the primary 
current. Before proceeding to the other parts of these investi- 
gations, it is important to state the results of a number of pre- 
liminary experiments made to determine more definitely the 
conditions which influence the action of the spiral conductor. 

15. When the electricity is of low intensity, as in the case of 
the thermo-electrical pile, or a large single battery weakly ex- 
cited with dilute acid, the flat ribbon coil No. 1. ninetv-three 
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the loudest snaps from a surface of mercury. The shocks^ with 
this arrangement^ are^ however, very feeble, and can only be felt 
in the fingei-s or tlirough the tongue. 

16. The induced current in a short coi], which thus produces 
deflagration, but not shocks, may, for distinction, be called one 
of quantity. 

17. When the length of the coil is increased, the battery con- 
tinuing the same, the deflagrating power decreases, wliilc the 
intensity of the shock continually increases. With, five ribbon 
coils making an aggregate length of three hundred feet, and the 
small battery, Fig. 1, the deflagration is less than with coil 
No. 1, but the shocks arc more intense. 

18. There is, however, a limit to this increase of intensity of 
the shock, and this takes place when the increased resistance or 
diminished conduction of the lengthened coil begins to counter- 
act the influence of the increasing length of the current. The 
following e.xperiment illustrates this fact. A coil of coppeu* wire, 
1/1 Gth. of an indi in diameter, was increased in length ])y suc- 
cessive additions of about thirty-two feet a.t a time. Afl.cu* the 
first two lengths, or sixty-four ihet, the brilliancy of tluj spa,rk 
began to decline, but the shocks constantly iiu'n‘as(al in inicni- 
sity, until a hmgth of. fiv(i hundnal atid S(weniy-l*iv(5 feet was 
obtained, when i.he shoedvs also b(‘ga.n to dxudinc'. ddiis was them 
the pro])er hnglh io prodiu'c^ {.luMiuiximum efbutt with a single 
battery, and a, wirti of (luj abov(i dianud.cn*. 

19. Wlum the intensily of th(^ eh^ctridty of the ba,itery is in- 
creased, the action of tlu^ short ribbon (-oil (humuises. With a 
Oruickshank’s trough of sixly pla,i.(‘s, four iruihes square*, se^arcedy 
any jx'culiar (‘flecd, ('.an b(^ ohs(*rv(‘d when tlu^ ('oil Forms a, part 
of ilu* carc'.uii. If, how(‘V(‘r, ilu* l(‘nglh of tlu^ coil be in(n’(*a,sed 
in pro])ortion io i.lu^ ini.emsil.y of th(^ cuiaHuit, then tlu^ induclivo 
inFliK'nce* l)e(X)in(‘s a])|)a,r(‘!it.- Wh(‘n tlKMuirnni, from tc‘n plates 
of tlu* al)ov(*-ni(‘niion(‘d trough, was passe^l through the wirc^ of 
the large* spool (19), the^ in(lu(*(*d shoe'k was too s(*V(u*e io bo 
take*!! through the^ body. Again, when a. small trough of tw(‘nty- 
five onevincili plate's, wliiedi alone* would give* but a, very feH*ble 
slioc'.k, was us(*d with lu'lix No. 1, an int,(*ns(‘ shoe'k wa,s rex'eived 
from tlu^ induction, wlum ihe^ contaei- was broke*!!. Also a, slight 
slioedv in this arrangemie'nt is given wh(*n ihe* coni.aet is form(*d, 
but it is very feeble in comparison with the other. The spark, 
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however^ with the long wire and compound battery is not as 
brilliant as with the single battery and tlic short ribbon coil. 

20. When the shock is produced from a, long wircg as in the 
last experiments^ the size of the plates of the battery may be 
very much reduced^ without a corresponding reduction of the 
intensity of the shock. This is shown in an experiment with 
the large spool of wire (10). A very small compound battery 
was formed of six pieces of copper bell-wire, about one inch and 
a half long, and an equal number of pieces of zinc of tlie same 
size. When the current from this was pa.ssed througli the five 
miles of the wire of the spool, the induced shock was given at 
once to twenty-six persons joining hands. This astonishing 
effect placed the action of a coil in a striking ])oint of view. 

21. With the same spool and the singki bafimw used in the 
former experiments, no shock, or at most a very f(‘(‘bh‘ oiu*, could 
be obtained. A current, however, was found to pass througli the 
whole length, by its action on the galvanonudcu* ; but it was not 
sufficiently powerful to induce a current which could (iounteract 
the resistance of so long a wire. 

22. The induced current in these (‘X|)(‘rim(‘nis may Ix^ con- 
sidered as one of considercibU '' inlensilif ” and .s//o/// ''(/NfuiUli//' 

23. The form of the coil has considm-abh^ inriumux^ on ihe 
intensity of the action. In the experiimmis of Dr. bkiradav, a 
long cylindrical coil of thick coppiu* wir(\ imdosing a rod of soft 
iron, was used. This form produces (Ik* gr(‘a((*s(, (d'lVci wIk'u 
magnetic reaction is employed; but in tlu* case* of simpb* gal- 
vanic induction I have found tlu* form of th(^ coils and li(*lic(‘s 
represented in the figures most erfiK'lual. TIk* s(‘V(‘ral spir(‘s 
are more nearly approximat<‘d, and (lK‘n‘ron‘ (h<*y <\vcr( a givaiiu* 
mutual influence. In some cases, as will six^n lK‘r(‘ar((*r, tlui 
ring form shown in Fig. d, is most erhxd.ual. 

24. In all eases the sev(*ral spir(*s of (Ik* ('oil should lx* w(‘ll 
insulated, for allhough in magmdizing soil, iron, and in anal- 
ogous experiments the touching of (wo spires is no(. a(((‘nd(*d 
with any great reduction of action; y(4 in (Ik* (‘as(* of' (Ik* in- 
duced current, as will be shown in tin* progress of 11 k‘S(‘ inv(*siiga- 
tions, a single contact of two spin‘s is some(,it!K‘s suflT'ii'nt^ (o 
neutralize the whole effect. 

25. It must be recollected that all (Ik* (‘vooriro/oHc vrifh 
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the reaction of iron temporarily magnetized; since the intro- 
duction of this would in some cases interfere with the action, 
and render the results more complex. 


Section 2 

Co7iditions which hifluc^ice the Productioii of Secondary 

CwTents 

2G. The secondary currents, as it is well known, were discov- 
ered in the introduction of magnetism and electricity by Dr. 
Faraday, in 1831. But he was at that time urged to the ex- 
ploration of new and apparently richer veins of science, and left 
this branch to be traced by others. Since then, however, atten- 
tion has been almost exclusively directed to one part of the sub- 
ject, namely, the induction from magnetism, and the perfection 
of the magneto-electrical machine: and I know of no attempts 
except my own to review and extend the purely electrical part 
of Dr. Faraday’s admirable discovery. 

27. The energetic action of the flat coil, in producing the in- 
duction of a current on itself, led me to conclude that it would 
also be the most proper means for the exhibition and study of 
the phenomena of the secondary galvanic currents. 

28. For this purpose coil No. 1 was arranged to receive the 
current from the small battery, and coil No, 2 placed on this, 
with a plate of glass interposed to insure perfect insulation; as 
often as the circuit of No. 1 was interrupted, a powerful sec- 
ondary current was induced in No. 2. The arrangement is the 
same as that exhibited in Fig. 3, with the exception that in this 
the compound helix is represented as receiving the induction, in- 
stead of coil No. 2. 

29. When the ends of the second wire were rubbed together, a 
spark was produced at tlie opening. When the same ends were 
joined hy the magnetizing spiral (11), the enclosed needle be- 
came strongly magnetic. Also wlien the secondary current was 
passed through, the Avires of the iron horseshoe (12), magnetism 
was developed; and when the ends of the second coil were at- 
tached to a small decomposing apparatus, of the kind which 
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was given off at each pole. The shock, however, from this coil 
is very feeble, and can scarcely be felt above the fingers. 



Fia. 3. — a represents coil No. 1, b lielix No. 1, and c, d, handles for receiving 

the shock. 

30. This current has therefore the properties of one of mod- 
erate intensity but considerable quantity.’’ 

31. Coil No. 1 remaining as before, a longer coil, formed by 
uniting Nos. 3, 4, and 5, was substituted for No. 2. With this 
arrangement, the spark produced when the ends were rubbed 
together, was not as brilliant as before; the magnetizing powtrr 
was much less; decomposition was nearly th(‘ same, i)ut the 
shocks were more powerful, or in other words the intensity ” 
of the induced current was increased by an increase of the length 
of the coil, while the quantity ” was ap])arently decnnsed. 

32. A compound helix, formed by uniting Nos. 1 and 2, and 
therefore containing two thousand six hundred a,nd firiy yards 
of wire, was next placed on coil No. 1. The wciight of tin's helix 
happened to be precisely the same as that of coil No. 2, and lumce 
the different effects of the same quantity of nu‘tal in ihci two 
forms of a long and short conductor, could l)e compa,red. With 
this arrangement the magnetizing effects with the a])para.tus 
before mentioned, disappeared. The sparks were much sniallc'r, 
and also the decomposition less, than with the short coil; but 
the shock was almost too intense to lie received witli im[)uniiy, 
except through the fingers of one hand. A circuit of fifty-six 
of the students of the senior class, received it at onc.o. from a 
single rupture of the battery current, as if from the discharge) 
of a Leyden jar weakly charged. The secondary current in this 
case was one of small quantity, but of great intensity. 

33. The following experiment is important in esta})lishino- the 
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well as the power of decomposition, with a wire of a given diam- 
eter. Helix No. 5 which consists of wire only l/125th of an 
inch in diameter, was placed on Coil No. 2, and its length in- 
creased to about seven hundred yards. With this extent of wire 
neither decomposition nor magnetism could be obtained, but 
shocks were given of a peculiarly pungent nature ; they did not, 
however, produce much muscular action. The wire of the helix 
was further increased to about fifteen hundred yards ; the shock 
was now found to be scarcely perceptible in the fingers. 

34. As a counterpart to the last experiment, coil No. 1 was 
formed into a ring of sufficient internal diameter to admit the 
great spool of wire (11), and with the whole length of this 
(which, as has before been stated, is five miles) the shock was 
found so intense as to be felt at the shoulder, when passed only 
through the forefinger and thumb. Sparks a,nd dcicomposition 
were also produced, and needles rendered, magnetic. The wire 
of this spool is l/l()(,h of an inch tliick, Jind we i.hcj'efore see 
from this (experiment, that by increasing tlie diametcn* of the 
wire, its length may also be much incrc^ased, with an increased 
effect. 

35. The fact (33) that the induced current is diminished by 
a further increase of the wire, after a certain length has been at- 
tained, is im])orta;nt in the construction of tlu^ ma,gn(‘to-electrieal 
machines, sine^e' the* sanies (‘IhHd. is ])roduce(l in tlui induction of 
magnetism. Dr. (loddard of Philadedphia, to whom I am in- 
debted for (toil No. 5, found that when its whole levngth was 
wound on tint iron, of a teniporary magiuit, no shocks could be 
obtained. 44ie wire of ihe maediine^ nmy theu'crforet be of suedi a 
length, relatives to its dia,mete‘r, as to ])rodu(!(^ shocdcs but no dei- 
composition ; and if the levngth bet still furthetr imtreased, the 
power of giving shoetks may also iKComet lututralized. 

3(). 41ie inductive action of coil No. 1, in the foretgoing ex- 
petrinumts, is pre^etisdy tlu* samet as that of a, hiinporary magnet 
in tht‘ ea,s(t of Hut magnedxHdectrietal machine. A short thick 
wire a.round the arnmturet givets brilliant (hvflagrations, but a 
long one produccts shoetks. 'Tliis fa.(tt, I l)(‘li(W(t, was first diseov- 
(u‘(t(l by my frit‘nd Mr. Haxton, and afterwards investigated by 
Sturgeon and Tj(ntz. 

37. W(t "miti^lvl;. at first si.edit. conrdnde. fnvrn the Tvn’fncf mYni- 
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theory of Ampere, exist in the magnet, are like those in tlie sliort 
coil, of great quantity and feeble intensity ; but succeeding ex- 
periments will show that this is not neeessariW the case. 

38. All the experiments given in this section have tlius far 
been made with a battery of a single element. This condition 
was now changed, and a Cruickshank trough of sixty pairs sub- 
stituted. When the current from this was passed through the 
ribbon coil No. 1, no indication, or a very feeble one, was 
given of a secondary current in any of the coils or helices, ar- 
ranged as in the preceding experiments. The length ol' tlie coil, 
in this case, was not commensurate with the intensity of the cur- 
rent from the batteiy. But when the long helix, No. 1, was 
placed instead of coil No. 1, a powerful inductive action was pro- 
duced on each of the articles, as before. 

39. First, helices No. 2 and No. 3 were united into one, and 
placed within helix No. 1, which still conducted the battery cur- 
rent. With this disposition a secondary current was ])rodue(;(l, 
which gave intense shocks but feeble decomposition, and no mag- 
netism in the soft iron horseshoe. It was therefore one of in- 
tensity, and was induced by a battery current also of intensity. 

40. Instead of the helix used in the last experiment for re- 
ceiving the induction, one of the coils (No. 3) was now pbutcal 
on helix No. 1, the battery remaining as before. Witli this 
arrangement the induced current gave no shocks, but it magnet- 
ized the small horseshoe; and when the ends of the coil were 
rubbed together, produced bright sparks. It had, therefore, tlu! 
properties of a current of quantity, and it was produced l)y the 
induction of a current, from a battery, of intensity. 

41. This experiment was considered of so much iinportance, 
that it was varied and repeated many times, but always vvith 
the same result; it therefore establishes the fact that r///. “ ithlr/n.- 
sity"' current can induce one of ''quantity and l)y the* piMu-ed- 
ing experiments, the converse has also been shown, tlnit a 
" quantity current can induce one of " intensity f’ 

42. This fact appears to have an important bewaring on th(‘ 
law of the inductive action, and would seem to favor tlie sn|)[)o- 
sition that the lower coil, in the two experiments with tlie long 
and short secondary conductors, exerted the same amount of in- 
ductive force, and that in one ease this was expended (to ns(^ 
the language of theory) in giving a great velocity to a, small 
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quantity of the fluids and in the other in producing a slower mo- 
tion in a larger current ; but in the two cases were it not for the 
increased resistance to conduction in the longer wire, the quan- 
tity multiplied by the square of the velocity would be the same. 
This, however, is as yet a hypothesis, but it enables us to con- 
ceive how intensity and quantity may both be produced from the 
same induction. 

43. From some of the foregoing experiments we may conclude 
that the quantity of electricity in motion in the helix is really 
less than in the coil, of the same weight of metal ; but this may 
possibly be owing simply to the greater resistance offered by the 
longer wire. It would also appear, if the above reasoning be 
correct, that to produce the most energetic physiological effects, 
only a small quantity of electricity moving with great velocity, 
is necessary. 

44. In this and the preceding section, I have attempted to 
^ive only the general conditions which influence the galvanic 
induction. To establish the law would require a great number 
of more refined experiments, and the consideration of several 
circumstances which would affect the results, such as the con- 
duction of the wires, the constant state of the battery, the method 
of breaking the circuit with perfect regularity, and also more 
perfect means than we now possess of measuring the amount of 
±he inductive action ; all these circumstances render the problem 
very complex. 


Section 3 

On the Induction of SGC 07 idary Cmrents at a Distance 

45. In the experiments given in the two preceding Sections, 
the conductor which received the inductions was separated from 
that which transmitted the primary current by the thickness 
only of a pane of glass; but the action from this arrangement 
was so energetic, that I was naturally led to try the effect at 
^x greater distance. 

4(). For this purpose coil No. 1 was formed into a ring of 
fx,hoiit two feet in (iiameter, and lielix No. 4 placed as is shown 
ixi the figure. When the helix was at the distance of about six- 
teen inches from the middle of the plane of the ring, shocks 
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creased in intensity as the helix was lowered^ and when it 
reached the plane of the ring they were quite severe. The 
effect^ however, was still greater when the helix was moved 
from the centre to the inner circumference, as at c; but when 



Fig-. 4. — a represents helix No. 4, b coil No. 1, in the form of a ring. 


it was placed without the ring, in contact with the outer circum- 
ference, at h, the shocks were very slight; and when placed 
within, but its axis at right angles to that of the ring, not the 
least effect could be observed. 

47. With a little reflection, it will be evident that this ar- 
rangement is not the most favorable for exhibiting the induction 
at a distance, since the side of the ring, for example, at c, tends 
to produce a current revolving in one direction in the near side 
of the helix, and another in an opposite direction in the farther 
side. The resulting effect is therefore only the difference of 
the two, and in the position as shown in the figure ; this dif- 
ference must be very small since the opposite sides of the helix 
are approximately at the same distance from c. But the diffevr- 
ence of action on the two sides constantly increases as the helix 
is brought near the side of the ring, and becomes a maximum 
when the two are in the position of internal contact. A helix 
of larger diameter would therefore produce a, gnjater effcicd,. 

48. Coil No. 1 remaining as before, lielix No. 1, which is 
nine inches in diameter, was sulistituted for the small helix of 
the last experiment, and with this the effect at a distance was 
much increased. When coil No. 2 was added to coil No. 1, and 
the currents from two small batteries sent through these, shocks 
were distinctly perceptible through the tongue, when the dis- 
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tance of the planes of the coils and the three helices, united as 
one, was increased to thirty-six inches. 

49. The action at a distance was still further increased by 
coiling the long wire of the large spool into the form of a ring 
of four feet in diameter, and placing parallel to this another 
ring, formed of the four ribbons of coils No. 1, 2, 3, and 4. 
When a current from a single battery of thirty-five feet of zinc 
surface was passed through the ribbon conductor, shocks through 
the tongue were felt when the rings were separated to the dis- 
tance of four feet. As the conductors were approximated, the 
shocks became more and more severe; and when at the distance 
of twelve inches, they could not be taken through the body. . 
,50. It may be skated in this connection, that the galvanic 
induction of magnetism in soft iron, in reference to distance, 
is also surprisingly great. A cylinder of soft iron, two inches 
in diameter and one foot long, placed in the centre of the ring 
of copper ribbon, with the battery above mentioned, becomes 
strongly magnetic. 

51. I may, perhaps, be excused for mentioning in this com- 
munication that the induction at a distance affords the means 
of exhibiting some of the most astonishing experiments, in the 
line of physique amusante, to be found perhaps in the whole 
course of science. 1 will mention one which is somewhat con- 
nected with, the experiments to be described in the next section, 
and which exhibits the action in a striking manner. This con- 
sists in causing the induction to take place through the partition 
wall of two rooms. For this purpose coil No. 1 is suspended 
against the wall in one room, while a person in the adjoining 
one receives the shock by grasping the handles of the helix, and 
approaching it to the spot opposite to which the coil is sus- 
pended. The effect is as if by magic, without a visible cause. 
Tt is best produced through a door or thin wooden partition. 

52. The action at a distance affords a simple method of grad- 
uating the intensity of the sliock in the case of its application 
to medical purposes. The helix may be suspended by a string 
passing over a pi.i]ley, and then gradually lowered down towards 
the plane of the coil, until the shocks are of the required inten- 
sity. At the request of a medical friend I have lately admin- 
istered the induced current precisely in this way, in a case of 
paralysis of a part of the nerves of the face. 
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53. I may also mention that the energetic action of the spiral 
conductors enables us to imitate, in a very striking manner, the 
inductive operation of the magneto-electrical machine, by means 
of an uninterrupted galvanic current. For this purpose it is 
only necessary to arrange two coils to represent the two poles 
of a horseshoe magnet, and to cause two helices to revolve past 
them in a parallel plane. While a constant current is ])assing 
through each coil, in opposite directions, the effecd of the ro- 
tation of the helices is precisely the same as that of the revolving 
armature in the machine. 

54. A remarkable fact should here be noted in reference to 
helix No. 4, which is connected with a subsequent })art of the 
investigation. This helix is formed of copper wires the spires 
of which are insulated by a coating of cement instead of thread, 
as in the case of the others. After being used in the above ex- 
periments a small discharge from a Leyden jar was passed 
through it, and on applying it again to the coil T was nuudi 
surprised to find that scarcely any signs of a secondary current' 
could be obtained. 

55. The discharge had destroyed tlio insulation in some part, 
but this Avas not sufficient to prevent the magnetizing of a bar 
of iron introduced into the opening at the centre. Tlie effect 
appeared to be confined to the inductive action. Tlie same ac- 
cident had before happened to anotlier coil of nearly tlie same 
kind. It was therefore noted as one of some importance. An 
explanation was afterwards found in a peculiar action of the 
secondary current. 


Section 4 

On the Effects Produced by Interposing Different Substances 
hehveen the Conductors 

56. Sir H. Davy found, in magnetizing needle's hy an elc'e- 
;rical discharge, that the effect took ])liieo througli interposed 
Dlates of all substances, conductors, and non-condnetors.* Tlie 
experiment which I have given in paragraph 51 would appear 
o indicate that the inductive action wliieli produces tlie secon- 
lary current might also follow the same law. 
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57. To test this the compound helix was placed about five 
inches above coil No. 1 , Fig. 5, and a plate of sheet iron, about 
1/lOth of an inch thick, interposed. With this arrangement no 
shocks could be obtained; although, when the plate was with- 
drawn, they were very intense. 

58. It was at first thought that tliis effect iniglit be peculiar 
to the iron, on account of its temporary magnetism ; l)ut this 
idea was shown to be erroneous by substituting a pla,te of zinc of 
about the same size and tliickness. With this the screening in- 
fluence was exhibited as before. 



Fig. 5. — <7, rci>re8ontB coil No. 1, /> holix No. 1, and e an interposed i)lato of metal. 

59. Aft(^r this a variety of snlistances wa.s int(‘r|)os(id in siu*- 
ccssion, minudy, C()])])(‘r, I(‘a(l, nuuxmry, jurid, wat(‘r, wood, gla,ss, 
etc.; and it was found lluit all the jHudhd; conductors, siujh as 
the nudals, ])rodu('(Ml tlu‘ s('re(‘ning infliKmce; l)ut non-condum 
tors as glass, wood, (‘tc., appcainal to ha,v(i no (d'lhct whahwer. 

(JO. Wlum tlui ludix was s(‘pa.ra, led from the (toil by a, (listunc'c 
only (‘(pial to the thickn(‘ss of Hut plab;, a slight s<msa,tion (tould 
b(t ])(‘r(teiv(‘d (‘ven when tlut ziiu' of 1/lOth of a,n iiuth in thidv- 
n(‘ss was ini(‘rpos(‘d, ''Fhis <‘ff(t(ti was irutntasetd by incr(‘a,sing 
tint (juaniity of l,h(‘ ba,ii(‘ry (turivnl. If tint thit'krutss of tlu‘ 
plate was dinnnis}u‘d, {h(‘ induction through it Inuta, nut mont 
int(ms(‘. Idms a. slu‘(d, of tinfoil ini(‘rpos(‘d produettd no p(n’- 
c(‘ptil)lt^ inriium('(‘ ; also four sIuhIs of tlut sanut went attciuhul 
wilh ihe sanu‘ resuli. A <t(‘ria.in ihic'kiu^ss of nudal is tlutn^font 
r(‘(|uir(‘d io produc(' ihe s<a‘(‘(ming (d'lVd, a.nd this thickiu‘ss (ht- 
p(‘nds on th(‘ (juantiiy of tlut (turntni from tlu* batinry. 

(JI. Odut id(‘a. (xteurn^d to nut that tlut senuming might, in 
some way, b(‘ (umiKtchtd with an instantafutous (uirrent in ihe 
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plate^, similar to that in the induction by magnetic rotation, 
discovered by M. Arago. The ingenious variation of this prin- 
ciple by Messrs. Babbage and Herselicl, fui*nislied me with a. 
simple method of determining this point. 

62. A circular plate of lead was interposed, wliich caused tlie 
induction in the helix. almost entirely to disappear. A slip of 
the metal was then cut out in the direction of a, radius of tlic' 
circle, as is shown in Fig. 6. With the plate in tliis condition, 
no screening was produced; the shocks were as intense as if the 
metal were not present. 



Fig. 6. — - a represents a lead plate, of Fig. 7. — a represents a lead plate, 
which the sector b is cut out. b the uiagiietizing; spiral. 

63. This experiment, however, is not entirely satisfactory, 
since the action might have taken place through tlie o])(‘niiig of 
the lead; to obviate this objection another plat(‘ was (iut in the 
same manner, and the two interposed witli a glass ])hit(i betw(‘en 
them, and so arranged that the opening in the one might cov- 
ered by the continuous part of the other. Still shocks were 
obtained with undiminislied intensity. 

64. But the existence of a current in tlie interposixl (conduc- 
tor was rendered certain by attaching the magiuitizing spiraJ by 
means of two wires to the edge of the opmiing in tlu^ circular 
plate, as is shown in Fig. 7. By this arrangemumt tlu' latent 
current was drawn out, and its direction obtained by the polarity 
of a needle placed in the spiral at b, 

65. This current was a secondary one, and its direction in con- 
formity with the discovery of Dr. Faraday, was found to bc^ the 
same as that of the primary current. 

66. That the screening influence is in some way prodiuted by 
the neutralizing action ofT^he current thus obtained, will Ix^ cl(‘ar 
from the following experiment. The plate of zinc, l)(vror(‘ nu-n- 
tioned, which is nearly twice the diameter of the ludix, instcnid 
of being placed between the conductors, was put on tlie top of the 
helix, and in this position, although the nentratization was not 
as perfect as before, yet a great reduction was observed in the in- 
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67. But here a very interesting and puzzling question occurs. 
How does it happen that two currents^ both in tlie same direc- 
tion^, can neutralize each, other? I was at first disposed to con- 
sider the phenonienon as a case of real electrical interference;, 
in wliich the impulses succeed each other by some regular inter- 
val. But if tliis were true the effect should de])eiid on the 
length and other conditions of the current in the interposed con- 
ductor. In order to investigate thiS;, several modifications ofHhe 
experiments were instituted. 

68. First a flat coil (Ho. 3) was interposed instead of the 
plates. Wlien tlu‘ two (mds of this were separated, tlie shocks 
were received as if the (M)il were not present; but wlien. the ends 
were joinc'd;, so [is to form a perfect metallic circuit;, no shocks 
could be obtaincMl. d''he neutraliziition witli the coil in this ex- 
periment was even more pcn-fect tluui with the plate. 

69. Agaiip coil No. 2, in tlu^ form of a ring, was placed not 
between the conductors, but [iround tlu* helix. With this dis- 
position of the appaixitus, and th(‘ ends of the (toil joined, the 
shocks w(u*e sc^aiXHvIy percxqitibhg but wIhui tlui eiids were sepa- 
rated, th(‘ ])r(‘simi*(^ of tlie v.oW had no (ddeitt. 

70. Also when helic(‘s No. 1 and 2 w(‘re togetluu* submitted to 
the innii(‘nee of ('oil No. 1, tlie ends of the one Iieing joined, the 
otluu* g[i,v(! no shoeik. 

71. Tli(* (‘X jxvrinients wen' furihevr varied by placing helix 
Ho. 2 wiihin a hollow cylindi'r of slu'ct lirass, Jind ibis again 
within ('oil No. 2 in a rnaniu'r similar to tliat shown in hig. 12, 
which is intemUul l,o illustrate anotlun* experinuait. .In this ar- 
rangcmu'nt ihe luuitralizing jiction was exhiliited as in the case 
of the ])hil(‘. 

72. A hollow cylinder of iron was iK'xt substituhid for the one 
of lirass, iuid with this also no slux'ks could be obhuned. 

78. hh*om these ('Xpc'rinumis it is (‘videmt tluit tlui neutraliza- 
tion tak(‘s phux^ with curix'nts in tln^ inh'rpostul or adjoining con- 
ductors of [ill lengths and inUmsitic's, and tlunufore cannot, a,s 
it [ippcxirs to me, be r(‘f(‘rred. to tlu^ interfenmee of two systems 
of vibrations. 

74. ddiis part of the investigiition Wiis, for a time, given up 
almost in desfaiir, Jind it was not until lum' light had Ikhui ob- 
tiiined from anotli(‘r yiart of the inquiry, tlnit any further ad- 
vances could be nuide towards a solution of the mystery. 
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75. Before i^roceeding to the next Section I may here state 
that the phenomenon mentioned^ paragraph 54, in reference to 
helix No. 4, is connected with the neutralizing action. The 
electrical discharge having destroyed the insulation at some 
point, a part of the spires would thus form a shut circuit, and 
the induction in this would counteract the action in tlie other 
part of the helix; or in other words, the helix w^as in the same 
condition as the two helices mentioned in paragraph 70, when 
the ends of the wire of one were joined. 

76. Also the same principle appears to have an important 
bearing on the improvement of the magneto-electrical machine : 
since the plates of metal which sometimes form the ends of the 
spool containing the wire, must necessarily diminish the action, 
and also from experiment of paragraph 72 the armature itself 
may circulate a closed current which will interfere with the in- 
tensity of the induction in the surrounding wire. I am inclined 
to believe that the increased effect observed by Sturgeon and. 
Calland, when a bundle of wire is substituted for a solid piece of 
iron, is at least in part due to tlie interruption of these currents. 
I hope to resume this part of the subject, in connection with sev- 
eral other points, in another communication to the Society. 

77. The results given in this Section may, at first sight, be 
thought at variance with the statements of Sir H. Davy, that 
needles could be magnetized by an electrical discharge with 
conductors interposed. But from his method of performing 
the experiment, it is evident that the plate of metal was placed 
between a straight conductor and the needle. The arrangement 
was therefore similar to the interrupted circuit in the experi- 
ment with the cut plate (62), which produces no screening 
effect. Had the plate been curved into the form of a hollow 
cylinder, with the two ends in contact, and tlie needle placcMl 
within this, the effect would have been otherwise. 


Section 5 

On the Production and Properties of huluced Currents of the 
Third, Fourth, ami Fifth Order 

78. The fact of the perfect neutralization of tlie primary cur- 
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(tliide that if the latter could he drawn out, or separated from the 
iiiriiuvnce of ili(‘ foriiHu*, it would itself he capable of producing 
a, new induced cuirrent in a third conductor. 



I'Ki. S. — a coil No. 1, 1) coil Mo. 2, c coil No. d helix No. 1. 


71). arrang(uueiit (‘.\hihiti‘d in Fig. S furnishes a ready 
ni(‘ans of i(‘siing (his, 1Mu‘ primary (Uirrc^nt, as usual, is passed 
through (M)il No. 1, whil(‘ (-oil No. 2 is ])hiced ov(u* this to n> 
ct‘ivi‘ tli(‘ indueiion, wilh ils cuds joiiunl to those of coil No. 3. 
\\y this disposiiion lh(‘ si'coudary (uirnud. pass(‘s through No. 3 ; 
and sinc(‘ iliis is al. a disiaiU'iN and wil.hout i.h(‘ infliumce of the 
pi’iniarv, ils s(‘paral(‘ indiu'lion will l)(‘ n^iuh'nul nuiriilest by the 
efh'i'is on h(di\ No. 1. Wlum th(‘ handh's e, f, ari^ gras])(Ml, a 
powerful shock is re{'eiv(‘(h proving tlu^ indiudion of a terthiry 
mirnmi. 

50. 1)}' a similai" bill. mor(‘ exiemh'd arraaigiunmit, a,s shown 
in Fig 0, slux'ks were r(‘c(‘iv<'d from ih(‘ (uirrenl.s of a, fourth and 
fiflh oialer; and willi a mon* powm'ful primary ('urnmt, and 
aildilional (X)ils, a si ill gn^aiiu* numbm* of siutia^ssivi^ inductions 
migbl Ix' oblained. 

51. The indm'lion of currents of difhuxuit ordirrs, of suffi- 
cieni, inlcnsily lo give slnx'ks, could S('a.r(t(dy ha,v(i been a.ntici- 
paled from our previous knowhxlgi' of the subjiad. Tlu^ s(HM>nd- 
arv eurreni consists as it W(‘n‘ of a, singh^ wa.V(‘ of the luitural 
eleelrieily of (hi* winN dislurlxxi hul for a,n instant by th(‘ induc- 
tion of Ihe primary; y<’l (his has th(‘ [lowm* of indmung aaiother 
eurriml, hul lit lie inferior in en<‘rgy to itsi'lf, and thus produci's 
ef feeds apparenlly much gnaitiu- in proportion to th(‘ (juantity of 
el(‘elri{Mly in mo|i<m I ban (la* [)rima.ry eurnmt. 

S'L Som(‘ differeiKM^ may ]m‘ eonetuved to (‘xist in IJk^ a,(ition of 
i,hc‘ indmxxl eurrenls, ami thai from {Ju‘ ba.lfm’y, sima^ they are 
annarenilv diffenmi in naiuri*; tlu^ oiu* (consisting, as we inaY 
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such impulses^ or a continuous action. It was therefore im- 
portant to investigate the properties of those currents, and to 
compare the results with those before obtained. 

83. Eirsh in reference to the intensity, it was found that with 
the small battery a shock could be given from the current of the 
third order to twenty-five persons joining hands; also sliocks 
perceptible in the arms were obtained from a curi:ent of tlu^ fifth 
order. 

84. The action at a distance was also much greater than could 
liave been anticipated. In one experiment shocks from the tc^r- 
tiary current were distinctly felt through the tongue, wlum hel ix 
No. 1 was at the distance of eighteen inches above the coil trans- 
mitting the secondary currents. 

85. The same screening effects were produced by tlie inter- 
position of plates of metal between the conductors of the dif- 
ferent orders, as those which have been described in reference to 
the primary and secondary currents. 

86. Also when the long helix is placed over a, secondary cur- 
rent generated in a short coil, and which is therc*r()r(‘, as we hav(‘ 
before shown, one of quantity, a tertia,ry cuiTent of intcuisity is 
produced. 

87. Again, when the intensity current of the last exjxu'iuu^ni, 
is passed through a second helix, and another (toil is pbnuul ovcu* 
this, a quantity current is again prodiuted. ^riuu'cdonx in iiut 
case of these currents as in that of tlui ])riniary, a, (jUdnUlij cur- 
re?it can he induced from one of intensUy, and the converge. By 



Fig. 9. — a coil No. 1, h coil No. 2, c coil No. 3, d helix No. 1, e helix No. 2 and 3, 
/ coil No. 4, and g magnetizing Hpiral. 

the arrangement of the apparatus as shown in Big. I), th(‘S(‘ 
different results are exhibited at once. The induction from 
coil No. 3 to helix No. 1 nrodm^es an ininns;ltv ronMYoif 
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88. If the ends of coil No. 2, as in the arrangement of Fig. 8^ 
be nnitecl to lielix No. 1 instead of coil No. 3, no shocks can be 
ol)tained ; the quantity current of coil No. 2 appears not to be of 
sufficient intensity to pass throiigli the wire of the long helix. 

81). Also^ no shocks can be o])taine(l from the handles attached 
to helix No. 2, in the arrangement exhibited in Fig. 10. In this 



Fig. 10. — coil No. 1, b helix No. 1, c coil No. 3, and d helix No. 3. 


ease the qiiani.ity of elecdricity in the current from the helix 
app(?ars to be too small to produce any (‘Nhet unless its power 
is multi])! it'd by passing it through a conductor of many spires. 

90. ddie next incjuiry was in rt'fertvnt'e to the direction of 
these currt'ni.s, and this a])p('a,red im])ortant in connection with 
the Tuiiiire of tlie aniion. Tho t'xpt'ri intents of Dr. Faraday 
would nmdtu’ it ])robabl(‘, that at the beginning and ending of 
the stu'ondary currtmt, iis intluetion on an axljacent wire is in 
contra.ry dirtHitions, as is shown to be the case in the primary 
currt'ni. Ihil, iht' whole a,ction of a, st't^oudary current is so in- 
stani.aiH'ous, that, (tie inductive effeci-s at the beginning and end- 
ing (‘annol, be disttnguislu'd from ea.(h other, and we can only 
obs(*rve a, single impulse, which, howevi'r, may lie considered as 
the diffeu'em^e of two im])uls(‘s in opfiosite directions. 

()1. 'Flu' first experiment ha.])])ened to be made with a current 
of the fourth onltw. ''Fhe maguetiziing spiral (11) was attaclicd 
to th(‘ (uids of (he ('oil No. t. Fig, 9, and by (tie ])ola,rity of the 
n<‘('(ll(‘ it was found (hat this current was in the same direedion 
with (tu' s(‘(M)nda ry and primary currmits.''* By a too hasty gen- 
(‘ralization, I was hal to (*.onclu(i(^ from this e.xperiment, that the 
(nirren(,s of all ordcirs are in the sa-me direction a,s that of the 

^ It should b(‘, rcc.olh^c.tcd tliat all the inductions which have been men- 
tioned W(‘r(‘ produced at tin? nioinent of bn^aldng tlui (dreuit of the battery 
/.iirmnl Tlir*. Itwlnr^ltnn jU, Mw* n>rinji,tion of the, current is t.oo fe.c‘hl(‘ to 
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battery current, and I was the more confirmed in this from tlie 
results of iny first experiments on the curi'ents of oi'dinary elec- 
tricity. The conclusion, however, caused me much useless labor 
and perplexity, and was afterwards proved to be erroneous. 

92. By a careful repetition of the last experiment, in reference 
to each current, the important fact was discovered, tliat thare 
exists an alternation in the direction of the currents of tlic sev- 
eral orders, commencing with the secondary. This result was 
so extraordinary that it was thought necessary to establish it by 
a variety of experiments. For this purpose the direction was 
determined by decomposition, and also by the galvanometer, but 
the result was still the same; and at this stage of the inquiry 1 
was compelled to the conclusion that the directions of the several 
currents were as follows: 


Primary current 

+ 

Secondary current 

+ 

Current of the third order 

— 

Current of the fourth order 

+ 

Current of the fifth order 



93. In the first glance at the above table, wo are stnu'lc with 
the fact that the law of alternation is coinplet(‘, (‘xc(‘pt hetwee^n 
the primary and secondary currents, and it a,])pea,i*(‘(l that this 
exception might possibly be connected with the indiUH'd curr(nit 
which takes place in the first coil itself, and whicU gives ris(‘ io 
the phenomena of the spiral conductor. If ihis should Ixi Found 
to be minus we might consider it as existijig between tlu^ primary 
and secondary, and the anomaly would thus disapptair. Ar- 
rangements were therefore made to fully satisfy niys(df on this 
point. For this ])urpose the decomposition of dilute acid and the 
use of the galvanometer were resorl(‘d to, hy plaxung th(‘ appara- 
tus between the ends of a cross wire atta.chc‘d to the (‘xtn'miti(‘s 
of the coil, as in the arrangement describtMl by Dr. haraday 
(ninth series) ; but all the results ])ersisted in giving a, dinnition 
to this current the same as stated by Dr. Daraday, na.nudy, tha,i 
of the primary current. I was, therefore, ohligi'd to abandon 
the supposition that the anomaly in the change of tlu‘ current is 
connected with the induction of the battery eurrt^ni. on itsedf. 

94. Whatever may be the nature or causes of tlu'se cluingi^s in 
the direction, they offer a ready explanation of the neutralizing 
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action of the plate interposed between two conductors, since a 
secondary current is induced in the plate; and although the 
action of this as has been shown, is in the same direction as the 
current from the battery, yet it tends to induce a current in the 
adjacent conducting matter of a contrary direction. The same 
explanation is also applicable to all tlie other cases of neutraliza- 
tion, even to those which take place between the conductors of 
the several orders of currents. 

95. The same principle explains some effects noted in ref- 
erence to the induction of a current on itself. If a flat coil 1)0 
connected with the battery, of course sparks will be produced by 
the induction, at each rupture of tlie circuit. But if in this con- 
dition, another flat coil, with its ends joined, be ])laeed on the 
first coil, the intensity of the shock is much diminished, and 
when the several spires of the two coils arc mutually inter])osed 
by winding the two ribbons togetlier into one coil, the spa;rks 
entirely disappear in the coil transmitting the l)a,ttery eurremt, 
when the ends of the other ari^ joined. '’Po understand this, it 
is only necessary to mention that the induced current in. ilu^ first 
coil is a true secondary current, and it is therefore^ neutralized 
by tlie action of the secondary in the adjoining ('onducitor ; since 
this tends to ])roduce a current in tlui o|)|)osit(i d inaction. 

9(). It would also appe^ar from the pculhct ncmt!’aliza,ti()n 
which ensiKiS in tlu; a,rra.iig(‘m(‘ni: just btiforxi d(!S(U'iI)(*d, iluit the 
induced (uirrcmt in tlui adjoining conductor is mor(i powtudail 
than that of the first conductor; and we can (‘asily s(‘e how this 
may be. 'The two (uids of the scicond (ioil a,r(‘ joiiunl, and it thus 
Forms a pcvrfcct nieta,lli(j (urcuit; while tlui (urcuit of the other 
coil may be considcuxKl as partially ini(u*rupt(‘d, siiuxi to remhu* 
the spark visible tlu‘ <ile(d,ri(rity must be j)roj(ict(5d. as it were 
through a, small distance of air. 

97. We would also inler that two contiguous se(tonda.ry cur- 
nvnts, ])roduced by th(‘ same induction, would [)a.rtia,lly counttu- 
act each oth(u\ Moving in the sanu? direedion tluy would (^a('h 
1(01(1 to in(luc(‘ a, (uirnmt in tlui oHuu* of an opposiix^ dir(‘(v(,ion. 
'This is illustralxMl by the following (‘xperiment : ludix No. 1 and 
2 were ])lac(Ml togetluu-, but not united, a.b()V(‘ coil No. 1, so that 
th(‘y (oudi miglrt rec(*iv(^ the indiudion ; the la,rg(‘r was tlum 
graxlually nmiovc'd to a, greater distaiKic from the coil, until the 
intensity of the shock from each was about the sanuo Wlieii the 
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ends of the two were united, so that tlie shook would pass 
through the body from the two together, the (d'feet w'as aj)pa,i- 
ently less than witli one lielix alone. The result, howc^vei*, was 
not as satisfactory as in the case of the other (‘xpt'riineiiis ; a 
slight difference in the intensity of tvro shocks could not be a.p- 
preciated with perfect certainty. 


SECinoisr 6 


The Production of Induced Purrenis of the 'Differoil Orders 
front Ordinary JPaxtricUy 


98. Dr. Faraday, in tlie nintli series of Ids r(‘searclies, remarks 
•that ^‘^the effect produced at tlie commcuicc'ment and ilu' (md 
of a current (which are separatcal l)y an int(‘rval of tini(‘ when 
that current is supplied from a voltaic a])])aratus) must ocuair at. 
the same moment wlien a common electi’ical dis(‘harg(‘ is pa,ss(‘d 
througli a long wire. Whetlier if it liappcm aenmi’aiedy at ihe 
same moment they would (uitirely n(*ul.raliz(‘ (‘ach ollnu-, or 
whether they would not still give some d(d'inil(‘ peculiarity to 
the discharge, is a inathu* rcumiining to h(‘ (‘xamiiuMl.'’ 

99. The discovery of the fa(d: that ih(‘ S(HM)ndary (uirnud., 
which exists but for a monumt, could indmu^ anoilun* curnnd. of 
considerable energy, gave sonu' indicalion (hat, similar (d’b'cis 
might be produced ])y a discharge^ of ordinary t‘h‘cl ricily, pro- 
vided a sufficiently perfect itisulalion ('ould \)o obtained. 



FI(J. n. — « ghisH cvliiulcr, d XAiy<leii jar, r magnetizing spiral. 


100. To test this a, hollow glass cylimhn*, Ihg. 1 1, of about six 
inches in diameter, was pre])ared with a narrow ribbon of tinfoil. 
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about thirty feet long, pasted spirally around the outside and a 
similar ribbon of tlie same length, pasted on the inside; so that 
the eorrespondi]ig spires of the two were directly opposite each 
other. The ends of the inner spiral passed out of the cylinder 
through a glass tube, to prevent all direct communication be- 
tween the two. When the ends of the inner ribbon were joined 
by the magneti:^ing spiral (11), containing a needle, and a dis- 
charge from a half gallon jar sent through the outer ribbon, the 
needle was strongly magnetized in such a manner as to indicate 
an induced current through the inner ribbon in the same direc- 
tion a.s that of the current of the jar. This experiment was re- 
peated many times, and always with the same result. 

101. When the ends of one of the ribbons were placed very 
nearly in contact, a small spark was perceived at the opening, 
the moment tlie discharge took place through the other ribbon. 

102. When the ends of the same ribbon were separated to a 
considerable distance, a larger spark than the last could be 
dra,wu from each end by presenting a ball, or the knuckle. 

lOd. Also if the (nds of tlie outer ribbon were united, so as to 
form a ])erft‘cd nuhallic ciiTuiit, a spark could be drawn from any 
point of the same, when a discharge was sent through the inner 
ril)b()n. 

Khl. Odie s])a.rks in the two last (‘X|)(‘riments are evidently due 
to th(i action known in ordinary electricity by the name of the 
hitei’al discharge. 'To renden* this clear, it is perhaps necessary to 
rec'all thc^ well known fact, that when the knob of a jar is eleetri- 
fi(‘d ])()siiively, and the outen* ('oa.ting is connected with the earth, 
then tlui ja,r contains a small excess of positive electricity beyond 
what is n(^(^c‘ssa.ry to [)errcictly neutralize tlie negative surfaces 
If th(i knob bc^ ])ut in (ionnminication with the earth, the extra 
(juantity, or llu* frcie (‘lc‘(d.ri(aty, as it is sometimes called, will be 
on tlu‘ n(‘gativ(i side, WhcTi the discharge' took place in th(' 
abov(^ experinuvnts, the inner ribbon Ixicame for an instant 
cbargx'd with' this frc'c electricity, and consequently threw off 
from ilu^ oiiteu* ribbon, by ordinary induction, the s])arks de- 
sttrilxul. It ilu'rcd'ore b(H‘ani(‘ a (puistion of im])ortanc(^ to deter- 
miiH' wludhcvr tlui imhux'd cnrrcvnt descrilx'd in para, graph 100 
was not also a, nisiilt of the hiteral discharge, inste'ad of being 
a. triK' (aise of a, se'condary (mrrevnt analogous to those^ |)roduced 
from galvanism, hor this purpose tlie jar was charged, first 
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with tl\c outer coating in connoeiion wiili tlie oartli, and again 
with the knob in connection witli the .same, so that tiie extra 
quantity might be in the one case jilus and in the other vhinus; 
but the direction of the induced cairrent w'as not ariected by 
these changes; it was always the sanie^ namely, froju the positive 
to the negative side of tlie jar. 

105. l^dien, liowever, the quantity of free electricity was in- 
creased, by connecting the knob of the jar with a globe about 
a foot in diameter, the intensity of the magnetism appi'anal to 
be somewhat diminished, if the extra ({uanliiy was on the 
negative side; and this might be ex])ect(‘d, sim-e the fr(‘e cdec- 
trieity, in its escape to the earth through the ribbon, in this case 
would tend to induce a feeble current in the o])positti direction 
to that of the jar. 

106. The spark from an insula.t(‘d conductor may I)e con- 
sidered as consisting almost entiredy of ibis rrt‘e or t'xtra cdcKj- 
tricity, and it was found that this was also capable' of prodiudng 
an induced current, ])reciseiy the same as that from ilu' jar. 
In the experiment whidi gave this iH'sult, oia^ (md of llu? outer 
ribbon of the cylinder (100) was coniu'cted witli ilu' ('arlb, and 
the other caused to receive a spark from a condiutior rourt('(‘n 
feet long, and nearly a foot in diamelm*. 'The dirc'cttion of the 
induced current was the same as thai. ol‘ ihe sjiark from ihc' 
conductor. 

107. From these ex])eriments it appears evidimt lhat ilu' dis- 
charge from a Leyden jar possesses the' propeudy of indiK'ing a. 
secondary current ])recis(‘ly the saiiu' as ilu' galvani(' apiiauai us, 
and also that this induction is only so far (!oimi‘('i(‘d willi the 
phenomenon of the lateral discliarge as tliis hdhu' pariak(‘s of 
the nature of an ordinary (dectih'al curri'iii;. 

108. Experiments were next made in nd'ennu't' to ilu' {irodiu'- 
tion of currents of the diffenmt orders by ordinary (‘l(‘(d.ri(*ii.y. 
For this purpose a second cylinder was pn'pared witii ribbons 
of tinfoil, in a similar manner to the om' before d(‘scribed. 
The two were tlu'ii so connected tliat tlu^ si'C'ondary currc'nt from 
the first would circulate around the sec'ond. AVlum a, disebargu^ 
was passed through the outer ribbon of ilu' first cwlimh'r, a 
tertiary current was induced in tlui inner rilhon of iiu' s(‘('ond. 
This was rendered manifest by the magiu'l.izing of a netnlh' in 
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109. Also by the addition, in the same way, of a third cylinder, 
a current of the fourth order was developed. The same result 
was likewise obtained by using the arrangement of the coils 
and helices shown in Fig. 9. E^or these experiments, however, 
the coils were furnished with a double coating of silk, and the 
contiguous conductors separated by a large plate of glass. 

110. Screening effects, precisely the same as those exhibited 
in the action of galvanism, were produced by interposing a plate 
of metal between the conductors of different orders, Figures 
8 and 9. The precaution was taken to place the plate between 
two frames of glass, in order to be assured that the effect was 
not due to a want of perfect insulation. 

111. Also analogous results were found when the experiments 
were made with coils interposed instead of plates, as described 
in paragraph 08. Wlien the ends of the interposed coils were 
separatc'd, no screening was observed, but when joined the effect 
was |)roduced. The existence of the induced current in all these 
experiments, was detcraniiu'd by the magnetism of a needle in a 
spiral attached to one of the coils. 

;11'3. Likewise shocks were obtained from tlie secondary cur- 
rent by an arrangenumt shown in Fig. 12. Helices No. 2 and 



Fm. 12.~~a (‘.oil No- 2, h an inverted bell glass, c. h(di(;es Nos. 2 and 3. 

No. 3 united ar(‘ pid; witliiii a glass jar, and coil No. 2 is placed 
a, round the samt'. When tlie handles are grasped a shock is felt 
at tlu^ monumt of iho- discharge*, through the outer coil. The 
shocks, how(‘V('r, were very dil'lerent in intensity with different 
dis('harg('s from i.he jar. In some eases no shock was received, 
wlum again, wiih a, h'ss charge, a severe one wa,s obtained. But 
theses irregnla,riti(*s find an explanation in a subsequent part 
of the inve^stigation. 
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113. In all tlicso experiments, the results with ordinary and 
galvanic electricity are similar. But at this stage ol the in- 
vestigation there appeared wliat was at lirst considered a, re- 
niarka])ie difference in the action of the two. I allude to the 
direction of the currents of the diirereid; orders, ddiese, iji the 
experiments with the glass cylinders, instead of exhibiting the 
alternations of the galvanic currents (h2), wcu-e all in tlie same 
direction as the discharge from the jar, or in other words, they 
were all plus, 

114. To discover, if possible, the cause of this dif r(‘r(ui(Hi, 
a series of experiments was instituted; hut tlu^ first fad, d(v 
veloped, instead of affording any new light, scmuikmI to nmder 
the obscurity more profound. When th(‘ dii’(‘('tions of t,he cur- 
rents were taken in the arrangement of tlu' c'oils ( l^hg. !)) tlu^ 
discrepancy vanished. Allf'riKtUotis were found the sanie ns in 
the case of galvanisni. This result wa,s so extra,ordinai’y that, 
the experiments were many times r(‘peat(Ml, first with tluj glass 
cylinders and then with the coils; tlH‘ resulls, howc‘V(n*, W(‘r(‘. 
always the same. The (ndindcu-s gave currents all in om^ (lir(H> 
tion; the coils in alternate direc'tions. 

115. After various hypotheses had h(‘(‘n foriiK'd, ami in sum 
cession disprov^ed by experiment, tlui id(*a. occurnul (,o nu' that 
the direction of the currents might (h'ju'nd on th(‘ disiaiu'c^ of 
the conductors, and this app(‘ared to h(^ th<‘ only di flhnuK't' 
existing in the arrangement of tluj (‘xpeu-inumts with (h(‘ ('oils 
and the cylinders.'^' In the former th(i dislan('(‘ hd.\\'(Mm l.lu* 
ribbons was nearly one inch and a, half, whilci in th(‘ latter it 
was only the thickness of tlie glass, or a,l)out, 1 /2()th of an 
inch. 

116. In order to test this idea., two narrow sli})s of tiidoil, 
about twelve feet long, wore stretchcMl pa.rallel to ench otJun*, 
and separated by thin plates of mi('a. to the dist.aricc^ of about 
l/50th of an. inch. Whim a discduirge from th(‘ ha, If gallon jar 
was passed tlnough one of tlu^sc;, a.n inducMul curixnd, in i,h(‘ sani<‘ 
direction was ol)tained from the other. Th(‘ ribbons W(u*e tlum 
separated, by plates of glass, to the distamii of l/2()th of an 
inch ; the current was still in the sa,me direction, or plus. When 

* Tins idea was not miniediately adoi>t<;d, b(iea,us(3 T had pr(*,viously 
exoerimcnterl nn thr' rh'vr>r*.t.inn nf a / n » itv I Ti*/ 1 » \ 1 1 
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iliG distance was increased to about l/8th of an inch, no in- 
duced current could be obtained; and when they were still 
further separated the current again ’appeared, but was now found 
to have a different direction, or to he 7ninus. Ko other change 
was observed in the direction of the current; the intensity of 
the induction decreased as the ribbons were separated. The 
existence and direction of the current, in this experiment, were 
determined by the polarity of the needle in the spiral attached 
to the ends of one of the ribbons. 

117. The question at this time arose, whether the direction 
of the current, as indicated by the polarity of the needle, was 
the true one, since the magnetizing spiral might itself, in some 
cases induce an opposite current. To satisfy myself on this 
point a series of charges, of various intensity and quantity, from 
a single spark of the large conductor to the full charge of nine 
jars, were passed through the small spiral, which had been used 
in all the experiments, but they all gave the same polarity. Tlie 
interior of this spiral is so small, that tlie needle is throughoiit 
in contact with the wire. 

118. Tlie fact of a. change in the direction of the induced 
currcmt by a change in, the distance of tlie conductors, being 
thus established, a great number and variety of experiments wore 
inade to determine the other conditions on. which the cliange de- 
pends. These were sought for in a variation of the intensity 
and quantity of tlie primary discharge, in the length and thick- 
ness of the wire, and in the form of the circuit. The results 
were, however, in many eases anomalous, and are not sufficiivntly 
dcrfinite to be placed in detail before the Society. I hope to 
r(,;sunie the investigation at another time, and will therefore 
at present bricvdy state only those general facts which appear 
well estfiblislied. 

119. With a single half gallon jar, and the conductors sepa- 
rated to a distaruHi less than l/20th of an inch, the induced 
cui'rent is always in the same direction as the primary. Ihit 
wlum tlie (ioiiduetors are gradually sepa,rated, th(M*e is always 
found a distance at which tlie current begins to change its 
direction, '^riiis distance depends certainly on the a, mount of 
tlie diseliargx;, and ])T’ol)al)ly on the intensity, and also on the 
length and thickness of the conductors. With a battery of eight 
half gallon jars, and parallel wires of about ten feet long, the 
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change in the direction did not take place at a less distance 
than from twelve to fifteen inches, and with a still larger bat- 
tery and longer conductors, no change was found, although the 
induction was produced at the distance of several feet. 

120. The facts given in the last paragraph relate to the in- 
ductive action of the primary current; but it appears from the 
results detailed in paragraphs 110 and 114, that the currents 
of all the other orders also change the direction of the in- 
ductive influence with a change of the distance. In these cases, 
however, the change always takes place at a very small distance 
from the conducting wire; and in this respect the result is 
similar to the effect of a ijrimary current from the discharge 
of a small jar. 

121. The most important experiments, in reference to dis- 
tance, were made in the lecture room of my respected friend Dr. 
Hare, of Philadelphia, with the splendid electrical a})paratus 
described in the Fifth Volume (new series) of the Transactions 


of this Society. The battery consists of thirty-two jars, each 

of the capacity of a gallon. A 

Q thick copper wii'e of about 

\ 1/lOth of an inch in diameter 

\ and eiglity feet in length, w^as 

\ stretched across the lecture room, 

\ and its ends brought to the bat- 

- ■ ■ ' — ( tory, so as to form a trape/aum, 

r ) the longer side of which was 

\ Jn thirty-five feet. Along 

\ r this side a wire was stretclied of 

\ / tlie ordinaiT l)ell , size, and the 

extreme ends of this joincal by 

^ ^ spiral, similar to the arrange- 

Fig. 13. — c place ot tile battery spiral. V , . ^ 

ment shown in Fig. Id. The 
two wires were at first placed within tlie distance of alien t an 
inch, and afterwards constantly separated aftcu* each discharge 
of the whole battery through the thick wire. Wlien a break was 
made in the second wire at a, no magnetism was developed in 
a needle in the spiral at h, but when tlie circuit was complete, 
the needle at each discharge indicated a current in the same 
direction as that of the battery. When the distamai of the two 
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wire placed in tw'o glasses of mercury^ and a finger of each 
hand plunged into the metal, a shock was received. The direc- 
tion of the current was still the same, but the magnetism not as 
strong as at a less distance. 

122. The second wire was next arranged around the other, 
so as to enclose it. Tlie magnetism by this arrangement ap- 
peared stronger than with tlie last; the direction of the current 
was still the same, and continued thus, until the two wires were 
at evei-y point separated to the distance of twelve feet, except 
in one place where they were obliged to be crossed at the dis- 
tance of seven feet, but hei'e the wires were made to form a 
right angle with each otlier, and the effect of the approximation 
was therefore (4(1) considered as nothing. The needle at this 
surprising distance was tolerably strongly magnetized, as was 
shown by the quantity of filings wliich would adhere to it. The 
direction of the current wa,s still the same as that of the bat- 
tery. The form of the room did not permit the two wires to 
be separated to a gi-eatei* distance. The whole length of the 
circuit of the interior large wire was about eighty feet; that of 
the exterior on(‘ ImndnMl and twemty. TJie two wei*e not in the 
sam<‘ |)hine and a part of the outer passed through a small ad- 
joining room. 

122. 4''he r(‘srilts (;xhil)it(Ml in this experiment arc such as 
could scarc(dy have I)e(!n. an tied pa, ted by our ])revious knowledge 
ot the (‘l(‘ctri('a.I discha, rg(‘. 'Tlu^y (wiiu^e a, rc‘.ma.rka,ble inductive' 
eiK'rgy, wliich has not Ix'fore been distinctly lucognized, but 
whicdi must form an inpiortaiit ])art in the discharge of electric*- 
ity from the clouds. Some effects wliich luive bocui observed dur- 
ing thuiuh'r storms, app(‘a.r to be due to an action of this kind. 

121. SiiUKi a disediarge of ordinary electrica’ty [iroduces a, 
secondary curre'ni; in an adjoining wire, it should also produce 
an. a.na, logons effect in ii.s own win^; and l.o l.liis (-ause irniy be 
now r(‘f('rred the jKuailiar action of a, long ('oiidiudor. It is 
w(‘ll known that the spark from a. very long win*, altboiigh 
(juite short, is re'inai’kable pungent. I was so fortunate as to 
witness a. veuy ini.e*rc‘sting exliibition of this action during some* 
(?xp('riments on atmosplurric eleed-riediy made by a (committee* 
of the Franklin Institute, in 182(>. '"[’wo kihis wore atta,clied, 

one above tlu* other, and raised with a small iron wire in place 
of a string. On ilie occasion a,t wliich 1 was present, the wire 
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was extended by tlie kites to the length of about one mile. Tlio 
day was perfectly clear, yet the sparks from the wire had so 
much projectile force (to use a convenient expression of Dr. 
Hare) that fifteen persons joining hands and standing on tlie 
ground, received the shock at once, when the first pto'son of 
the series touched the wire. A Leyden jar being grasj)ed in 
the hand by the outer coating, and the knob ]) resen t(‘d to tlie 
wire, a severe shock was received, as if by a pertoration of the 
glass, but which was found to be the result of the sudden and 
intense induction. 

125. These effects were evidently not due to tlie accuniu> 
lated intensity at the extremities of the wire, on the princi})les 
of ordinary electrical distribution, since the knuckle ixajuinul 
to be brought within about a quarter of an iiuli Ix^fore the 
spark could be received. It was not alone the ([uantity, since 
the experiments of Wilson prove that tlie same (d'fed, is not 
pi’oduced with an equal amount of el(‘ctricity on tin* siirhu'C' of 
a large conductor. It a])pears evidently th(‘r(‘f()i*e a, ('ase oT the 
induction of an electrical current on itself, ddie wire* is (hargcvl 
with a considerable quantity of feeble electricity, which passers 
off in the form of a current along its whok^ haigth, and thus 
the induction takes place at the end of tlui dis(harg(\ as in tJie 
ease of a long wire transmitting a curnmt of galvanism. 

12G. It is well known that the dischargt^ from an (hx'trical 
battery possesses great divellent yK)W(‘rs ; that it (mtinly s(q)a- 
rates, in many instances, the particles of tluj body 1 hrough wluk'h 
it passes. This force acts in ])art, at h^ast, in th(‘ di red, ion 
of the line of the discharge, and app(‘ars to lu^ analogous to 
the repulsive action discovered by Ampcr(‘, in th(‘ (*ons(‘<‘utiv(‘ 
parts of the same galvanic curremt. illustrat(‘ iliis, j)asin 

on a piece of glass a narrow slip of tinfoil, (mt it i.hrongh at 
several points, and loosen the ends from th(‘ glass at l,h(‘ pla('(‘s 

so cut. Pass a. dislharg(^ 1 hrough 
th(i tinfoil from ahoul, nine half 
gallon jars; tlui (uuls, at <‘ach 
separation, will h(‘ l.hrown u(), 

q «,a, .^^1 SOUKdiUH'S Ixmt (Ultirclv 

openings in tinfoil. . , . • . 

back, as if by (Ik^ ath.ion of 

a strong repulsive force betw(xm tlumi. Ihis will b(‘ umhn-- 

stood by a relerence to Pig. 14; the ends are shown bmit back 
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at a, a, cij a. In the pojmlar exjoeriment of the pierced card, 
the bur on each side appears to be due to an action of the 
saiiiG kind. 

127. It now appears j)robable from tlie facts given in para- 
graphs 119 and 120, that the table in paragiuph 92 is only an 
approximation to the truth, and that each current from galvan- 
ism as well as from electricity, first produces an inductive 
action in the direction of itself, and that the inverse influence 
takes place at a little distance from the wire. 

128. To test this the compound helix was placed on coil 

Ko. 1, to receive tlie induction, aud its ends joined to those 
of the outer ribbon of tinfoil of the glass cylinder, while the 
magnetizing spiral was attached to the ends of the inner ribband. 
A feeble tertiary current was produced by this ai’rangernent, 
which in two cases gave a, polarity to tlie needle indicating a 
direction tlie same as that of the primary current. In other 
cases the magnetism was eitluu- impcu’ceptible or With 

an arrangeuK'nt of two coils of wires a.round two glass cylinders, 
one within the other, the sa.m(‘ (‘flnct was [iroduced. ddie mag- 
netism was l(‘ss when the distance of the two sets of spires was 
smaller, indi('ating, as it would ajipear, an approximation to a 
jiosition of neutrality, '’idiese results are I'allier of a ;nega,tive 
kind, yet tlu'y appea,r to indicate the saiiu^ change with, distance 
in the case of the galvaadu', (uirrents a.s in iliat of the discluirge 
of ordinary electricity, d.die distaan^e, however, a,t whidi the 
change takes phuie would, seem to be less in the former than in 
the latter. 

129. Iduu-e is a. perfecti analogy between the inductive action 
of the primary (uirn^nt from the galvanic appaa*aius and of that 
from the larger ekuttrical battery. The point of change, in each, 
apipears to be at a, great, distance. 

130. ddie lumtralizing effect descrilxMl in. Hection 4 may 
now be more definiUty exphiiiu^d by saying that when, a third 
condiK't-or is acted on at tlie same time by a primary and 
secondary (mrrent (unless it be very nea,r the second wire) it 
will fall into the ngion of the ;>?/./, .s* influence of the former, and 
into tlnit of the niiims influence of the latter; Jind hence no 
induction will be produced. 

131. This will lie i-(‘nder(‘d perhxitly clear by Fig. 15, in wliicli 
a represents the (ionductor of the primary current, b that of 
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the secondary^ and c the third conductor. Tlie characters 
H — I — ^tc., beginning at the middle of the first conductor and 
extending downwards^ represent the constant ‘plus influence of 

the primary current, and those + 0 , etc., beginning at 

the second conductor, indicate its inductive influence as chang- 
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ing with the distance. The third conductor, as is shown by tlie 
figure, falls in the ])lus region of the primary current, and in 
the minus region of the secondary, and hence the two actions 
neutralize each other, and no apparent result is produced. 

132. Fig. 16 indicates the method in which the neutralizing 
effect is produced in the ease of the secondary and tertiary 
currents. The wire conducting the secondary current is repre- 
sented by hj that conducting the tertiary by c, and the other 
wire, to receive the induction of these, by d. The direction of 

the influence, as before, is indicated by -f- 0 , etc., and 

the third wire is again seen to be in the plus region of the one 
current, and in the minus of the other. If, however, d is placed 
sufficiently near c, then neutralization Avill not take plac'c, but 
the two currents will conspire to produce in it an induction 
in the same direction. A similar effect would also be [)roduced 
were the wire c, in Fig. 15, placed sufficiently near the con- 
ductor A 

133. Currents of the several orders were likewise prodiu'cnl 
from the excitation of the magneto-electrical machine, ’'riie 
same neutralizing effects were observed l)etw(HUi these as in the 
case of the currents from the galvanic battery, and hence we may 
infer that also the same alternations take place in the direction 
of the several currents. 
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134. In conclusion, I may perliaps be allowed to state, that 
the facts here presented liave been deduced from a laborious 
series of experiments, and are considered as forming some addi- 
tion to our knowledge of electricity, .indepcindently of any theo- 
retical considerations. They appear to be intimately connected 
with various })]ienomena, which have been known for some years, 
but which liave not been referred to any general law of action. 
Of this class are the discoveries of Savary on tlie alternate 
magnetism of steel needles placed at different distances from 
the line of a discharge of ordinary electricity,* and also the 
magnetic, screening influence of all ]n(‘ta,ls, discovered by Dr. 
Snow Harris, of Ply mouth, f A comparative study of the phe- 
nomena ol)seiwed ])y th(‘se distinguished mi)a?ds, and those given 
in this ])a])(;r, would ])rol)a,bly lead to some new and ini])ortant 
developmcvnts. IndcH'd (wery ])art of the subjc^ct of electro- 
dynamic induction app(‘ars to open a field for discovery, which 
(‘xperimenial industry ('ajuiol; fa.il i.o cultivate wiili immediahi 

SUCCCiSS. 


Not k 

On tlie ('V(‘ning of the mefLing al. which rny investigations 
w(‘rc‘ ])i-(‘S(‘ni(‘d to ih(‘ Soeded.y, my friemd, Di*. Hach(‘, ol* (,lu‘ 
Oira.rd Oolh'ge, gavc^ an ac'c'ouni. of l,Iu‘ invc^siigai.ions of Ih'o- 
Jhssor PtiingshauscMi, of VicMina., in I'cd'c'rcuuHi to l.lui im])r()V('- 
ment of the' magiudo-ch'cdric* machiiu*, some' of the rc^sults of 
which hc^ had wiincssst'd a.t the UnivcM'sity of Vienna, about a 
yc‘ar sinc'cn No j)u])lishcHl acTount of tlu‘sc‘ c‘X[)erimcnds has yet 
rcuichcal this (country, hul. iiaf)i)C‘ars lhai. ProIVssor Mtiingshausem 
had hc'c^n leal to suspead. (he clc'vcdopmcad, of a. ('iirrc‘n(, in thc‘ 
meda l of ihc‘ kea^peu* of I he* ma,gncd.c)-elcad.ric mac-hinc^, whicdi 
climinishcal thc^ c‘ffcad. of i.hc‘ cairnad. in ihe^ c'oil about ihc' kcH'pcu*, 
and h(‘ncc‘ i.o sc‘paralc‘ Ihc' c'oil from lhc‘ k(a‘pcM‘ by a. ring of 
wood of somc‘ ihicdviic'ss, and aflcu-wards, to [)r(wc‘nt cmtircily i,hc‘ 
cdrc'uladioii of c*iii‘renis in thc^ k(‘C‘pc‘r, by dividing ii, into s(\g- 
numis, and s<‘pa ruling them by a non~ca)ndu(d,ing matcndal. I 
a.m not aware* of (he* rc'sult of (his last dewica*, nor wludher (he 


* Amu (lea de Ohmde. et de P/ei/au/ue, 1827. 
f Pkihmp/uml TramdetionHy 18JU. 
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mechanical difficulties in its execution were fully ovorcoine. 
It gives me pleasure to learn tliat the iiiiprovenients, wliidi I 
have merely suggested as deductions from the principles of the 
interference of induced currents (^d), should be in a('Coi*da,iice 
with the experimental conclusions of the above named plii- 
losopher.* 

* Reprinted in Silliman’s American Journal of Science, March, 1840, 
Vol. XXXVIII, pp. 209-248. 
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On Electro- Dynamic Induction { continued ) 

By JOSEPH HENRY 

{Transactiom IIC fl 

read June 19, f A^.gf^.)Ur i 

iNTRiy 

1. Tn the course of 
tl 10 i n VOS t i t i on s wli ie^ 

])iirts as 1, could wish, and that 1 hoped to develop them more 
lull I y i n. another (loinrnunication. After considerable delay, oc- 
casioned by alterations in the rooms of the physical department 
of the ('.oll(‘ge, 1 was enabled to resume my researches; and since 
lluui 1 luive been, so fortunate as to discover a series of new facts 
b(‘l()n,‘>;inf'* to different parts of the general subject of ray con- 
tributions. hhiese J have announced to the Society at different 
tiu\(‘S, as they were disi'overed, and I now purpose to select from 
the; whole such portions as riihite particularly to the principal 
suhj(!ct of my last papiu*, namely, the induction at the beginning 
and (uuling of a galvanic; (nirrent, and to ])resent them as a 
(;ontinuation, and in a, measure as the completion of this part of 
my r(‘S(‘a,r(^lK‘s. The; oilier results of my labors in this line will 
lx; a,rrang(;d for publication as soon as my duties will permit 
me to give; them a more careful examination. 

2. In i.h(; course of the ex])erirnents I am about to describe, 

I ha,v(; had occasion to repea, t and vary those given in my last 
f)aper, iind I am liap])y to lie able to state, in reference to the 
(■(‘suits, that (‘X(;(‘])t in some minor particulars which will be men- 
iioncHl in i,he course of Ihis pafxvr, T have found no cause to desire 
a (;hang(; in the accouni.s before published. My views, however, of 
th(' ('onnc'ction of the phenomena have been considerably modi- 

63 




MEMOIRS ON INDLICED 


fied;, and i think rendered niiicli more del iiiite l)y the additional 
light which the new facts have afforded. 

3. The principal articles of apparatus uscal in tliese experi- 
ments are nearly the same as tliose described in my last paper, 
namely, several flat coils, and a number of long wire‘ luilices. 
(No. Ill, 6, '7, 8.'*") I have, however, added to these a consta.nt 
[)attery, on Prof. DanielFs plan, the performance of which ha,s 
fully ansAvered my expectations, and confirmed the axatounts 
given of this form of the instrument by its author. It consists 
of thirty elements, formed of as ma,ny co])per cylimhn’s, open 
at the bottom, each five inches and a, lialf in lieiglit, thren inches 
and a half in diameter, and placed in eartlum cups. A zinc rod 
is suspended in each of these, of the same lengtli a,s tiu' cylinders, 
and about one inch in diameter. The several ehmumts an^ (con- 
nected by a thick copper wire, sohhnnd to tlui cop{)er of one 
element, and dipping into a cup of menairy on i.lu^ zinc of tlic^ 
next. The copper and zinc as usual an' sc'.paratc'd by a tm'in- 
brane, on both sides of wdiich is jdac'ed a. solid, ion of one part 
of sulphuric acid in ten parts of watew; and to ibis is added on 
the side next the copper, as much sulphaii' of ('opfx'r as will 
saturate the solution. The liattery was soiiK'i.inu's us(‘d as a 
single series, Avith all its elements placed ('ons('('id ivi'ly, and at 
others in two or thrc'o s(wies, arrangt'd (x)llaieraily, so as i.o vary 
the quantity and intensity of the electricity, as tlui occtasion 
might require. 

4. The galvanometers mentioncxl in ihis paper, and n'lern'd 
to in the last, are of two kinds; oni', which is list'd wiih a lu'Iix, 
to indicate the action of a,n indiuced current of intt'iisii.y, (‘onsists 
of about five hundred turns of fine coppt'r Avirt', (xivmx'd with 
cotton thread, and more effectually insulah'd by shx^ping i.he 
instrument in nu'lted cement, AA’hich Avas dra.Avn into iht' spate's 
between the spires liy capillary attraction, ddu* oih('r galva.- 
norneter is formed of about forty hirns of a shorh'r and thicken* 
wire, and is always used to inditndti an indiux'd ('urn'id., of 
considerable quantity, but of f(‘(‘ble intimsily. Tht' ntx'dhi of 
both these instruments is susyiemhxl by a. singh^ fibn.' of ra.w silk. 

5. I should also state, that in all ease's wIk'H' a, magiK'tizing 
spiral is mentioned in connection with a. Ik'Hx, th(‘ arii(cle is 

* The numerals TT or TIT included in t.luj parciithc'sis reha* to llui (air- 
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l\)riiio(l of a Joiii*:, fine wire, making about one himclrod turns 
nrouncl ilu' axis ol a. hollow ])i(H'c^ of straw about two inches and 
a Indf long: also tlie spiral nuaitioiK'd in connection with a coil, is 
formed of a. short wire whicli makes a, bout twenty turns around 
a similar pici'C of sLi‘aw. The reason of the use of the two 
instrunu'nis in these two cases is the same as that for the 
galvanomehu's, iiiKhn- similar circumstances, namely, tlie helix 
giv(‘s a, cuirixmt of inixmsit.y, but of small (pnintity, while the 
('oil ])roduces one of (considerable ([uantity, but of feeble in- 
terns ity. 

Suction- 1 

Oii> the riidiu'llon Produced at I, he Monienl of the P>eginning 
of (I Udfnanlo Purrcdit, etc. 

r>. It will be r(‘C()lI('('ied thai. th(‘ arraiigcnnent of apparatus 
(‘inployc'd in my Iasi. s(‘ri(*s of (‘xp(‘rim(‘nl.s ga,V(‘ a, powcu’ful in- 
(Imdion at ilu' moiiKml. of breaking th(‘ galvanic (circuit, but tint 
(‘ffe('l, (d‘ making IIk' saim* was so r(‘(‘bl(' as s(‘a,r(c(‘ly to bcc pen- 
ceplibhx 1 was unabh' in any (ais(‘ to g(‘l- ind {(‘afions of (curnmts 
of th(‘ third or rourlh ord(‘rs from th(‘ h(‘ginning induction, 
a.nd its a('lion was lh<‘r(‘for(‘ sii[)|)os(‘d to b(‘ so le(‘bl(! as not 
mai(‘i‘ially io a thud lh(‘ r(‘sul(s obta.iiu'd. 

7. Subsetpienl. rid'leclion, how('V(‘r, hal ni(‘ i,o ('omclink' thaf in 
or(l(‘i' to com[)l(‘h‘ IJiis part of my inv(‘sl.igations, a. moixe (car(‘- 
ful sludy <d’ Ihe induciion at lh(‘ h(\ginning of (Juc (curnud. would 
be (h'sirable; and, acx'ordingly, on ntsiiming tlac (cxpKudnK'nts, my 
al,t(‘nlion was first diixadtxl to thic dis(cov(ay of soim^ nuxins by 
whic'h th<‘ intensity of this induc.tion might b(c in(cr{ais(cd. After 
sonu' pndiminary exp(‘riments, it app(‘ared probabhc that the 
desir(‘d I'osidt ('ould b{‘ oblainca! by using a, conij)oiind galvanic 
ballery, insixxul of line singhc omc Ixd'on^ (‘niploy(‘d. In n'hu*- 
(mc(‘ to this ('on j{‘et uix‘, th(‘ const, ant bathny Ixd'orcc numtloiKMl 
(M) was ('oust i*U('t<'(l, and a. s(‘ries of (‘xp(‘rini(‘nt.s institut.ed with 
it,, th(‘ results of which agix'cd with my ant,i('ipa,t,ion. 

S. In |.li(‘ fi rst, (‘xperinient,, <'oiI No, '3, \vld(di it, will be numun- 
b(‘red (No. Ill, 7) ('onsists of a. ('oppeu* ribbon about sixty hud, 
long, coihul on its(‘lf lik(‘ tlu* mainspring of a, watch, was con- 

...... I 1 I.. i:.. \T i / AT , ITT 0\ 
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copper wire, was placed on the coil io r(‘('(‘i\'e llie indnciion, as 
is shown in Fig. 3, whicli is again ins(‘rt(‘(l here' for (he (-oii- 
venicncc of the reader. Tliis arrangxniKnii l)(‘ing ina<li\ (airnaits 
of increasing intensity were passed through tlu^ (‘oil by (constantly 
retaining one of its ends in the cup of inereiiry lorniing one ex~ 



Fig. 3 (dupL). — a represents coil No. 1, h helix No. 1, aiide, f7, haiKlIeH for reecnvinj; 

the shook. 

tremity of the battery, and sn(ce(‘ssiv<‘ly ]>lunging (he odier (uid 
into tlie cups which served to form iln* (*onn(‘{'(ions ol' (he several 
elements of the hattay. With ih(‘ eurnnit 1‘rom one ej<‘in(‘n(, 
the shock at lircjaking the circuit was (piil(‘ s(‘V(n’(‘; huf a( making 
the same it was very feeble, and (*ouId lx* p(‘n'(‘ived in \ \u^ fingiu's 
only, or through the tongim. With two (‘hmnmis in (he eireiiii, 
the shock at the Imginning was slightly iner(‘as(*d ; wi(h (hr(‘{‘ 
elements the inenaisc was more decid(‘d, whih* (In* shock a( I>r(‘ak- 
ing tile cinaiit remained n(‘ai‘Iy of tin* same in{<‘nsi(y as al I'lrsf, 
or was comj)arativ(‘Iy hut littk* inen‘as(ML When (In* numl)(‘r of 
elements was iincreascMl to Zr//, tin* shock a( making eon(ae( was 
found fully c‘(pial to that at bnaiking, and by employing a slill 
greatcu* ninnlx'r, ilie fonm*!* was de{*id(‘dly slronger (ban (In* 
latter, the diflVivnee ('ontinually inenaising unlil all (In* (hir(v 
elements were introdiUHMl into (in* (*ireui(. 

h. In rny hist pa[){*r, a r(*w (*.\p(‘rimenis are mei!(iom*d as lu'ing 
made with a compound hai,t(‘rv of ( hmiekshank's eons(ruel ion ; 
hilt from tlie smalhu'ss of iis ])la((‘S, and (he rapidily wi(h wliieli 
its power d(‘(din(‘d, 1 was !(*(! into (In* error of supposing (hal (he 
induction at tin* (*nding of (In* (*urn*n(, in (In* case of a sliori eoih 
was (liminisln'd by incn'asing (In* in((*nsiiy of (In* hallerv (see 
paragraph 19 of No. Ill) ; hui hy employing (he more peid^rt. 
instrumcmt of Profi*ssor Daniidl in (la* arrangement of (Ih* Iasi 
experiment, T am (‘luihlcd to (*.oiT(‘ct this (‘rroi\ and to state that 
the indiU'tion at the eiidinL^ remains iiearlv tlie u-lu.e ihn 
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intensity of the battery is increased. Tf the induction depends 
in any degree on the quantity of current electricity in the con- 
ductor^ then a slight increase in the induction should take place, 
since according to theory the current is somewhat increased in 
quantity^ in the case of a long coil^, by the increase of the inten- 
sity of the battery. Although very little, if any, difference could 
be observed in the intensity of the shock from the secondary cur- 
rent, yet the snap and deflagration of the mercury appeared to 
be greater from the primary current, when ten elements of the 
battery were included in the circuit, than with a single one. The 
other results which are mentioned in my last paper in reference 
to the compound battery are, I believe, correctly given. 

10. The intensities of the different shocks in the foregoing 
experiments were compared by gradually raising the helix from 
the coil (see Pig. 3) until on account of the distance of the con- 
ductors, the shock in one case would be so much reduced as to 
be vscarcely perceptible through the fingers or the tongue, while 
the shock from another arrangement, but with the same distance 
of the conductors, would be evident peihaps in the hands. The 
same method was generally employed in the experiments in 
which shocks are mentioned as being compared, in the other 
parts of this paper. 

11. Experiments were next made to determine the influence 
of a variation in the length of the coil, the intensity of the battery 
remaining the same. For this purpose the battery consisting of 
a single element, and the arrangement of the apparatus as rep- 
resented. in Fig. 3, the coil was diminished in length from sixty 
feet to forty-five, then to thirty, and so on. With the first 
mentioned length, the shock, at making contact with the battery, 
was of course very feeble, and could be felt only in the tongue; 
with the next shorter length it was more perceptible, and in- 
creased in intensity with each diminution of the coil, until a 
length of a, bout fifteen feet appeared to give a maximum result. 

12. The diminution of the intensity of the shock in the last 
experinumt, after the length of tlie coil was diminished below 
fifteen feet, was due to the diminution of the numl)er of spires 
of the coil, each of which, by acting on tlie helix, tends to in- 
crcuise the intensity of the secondary current, unless the combined 
length of the whole is too great for the intensity of the battery. 
That this is the fact is shown by the following experiment : the 
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helix was placed on a sin^u’h* spire or turn of the ('oil, and tlu' 
length of the other part of the eoj>|)er rihhoiu \vhi('li did not acd 
on tlie helix, was eonlinually slnn-tened, until the whole of it 
was excluded froni the circuit; in this ('ase lla* inlensity oi* the 
shock at the heginning was eonstantly iiiei-(‘ase(l. \\'e may, 
therefore, state generally that at tin* hig'inning of the Ijattery 
current, the iiidvudion of a unit ef its hmglh is increased l)y 
every diminution of the length of the conductor. 

13. In the ex])eriment given in {)aragraph 11, the intensity 
of the shock at the endiinj of tht^ hattcry cmrrcmt diminish(‘s witii 
each diminution of the length of th(‘ coil ; and this is also due, to 
the decrease of the niimher of the* spires of the ('oil, as is evident 
from an ex[)erim(*Mt similar to ilui last, in \vhi('h a ludix was 
})laeed on a, coil (consisting of only two (urns or spires of copper 
from an expeuament. siiiiilar to tlu* last, in which tin* ludix was 
coin])arativtdy fcc'hh*, hut could lx* hdt in tlic hands. Diflcrcnt 
lengths of (‘oil No. W(‘re now introduced into the sani<‘ ('irciiit, 
hut not so as to ac't on tlu* helix ; hut alllnrngh thes(‘ wen* vari(*d 
from four or fiv{! fiM'd, to tli(‘ whoh‘ hmglh of tin* coil (sixty feet ), 
not the h‘ast (liffenm('i‘ in the intensity td’ the slaudv ('oiild hi^ 
perceived. \\"e liav(‘ th(*rcfon‘ tin* nmiarkahlo ri'snll, that tlu* 
inlensity of the ending induction «d‘ (‘ach unit of Imiglh of the 
battery curremt is not, materially alter(‘d, at Ica>t within c(‘rtain 
limits, by ('hanging (ii(‘ haiglli of tla* whtd(‘ cominctoi*. h'rom 
this w(i would inlVr that th(‘ shock depends umre on tin* inleiisitv 
of the ac.tion than on tlu‘ (juantity <d' tlu‘ eurrtmt, si nee wi* know 
tlmt the latter is diminished in a given unit tla* eoiidnelor hv 
incr(}asing tli(‘ hmgth of the whoh*. 

Id. Wt^ ha\’(j seem (S) that with a (•ireiiit eonipoH’d uf ((‘ii (dc*- 
nicmts of tlui ('.ompound hal((‘rv and the coil No. {Ih‘ shotd';, at 
the b(‘ginning of th(‘ ('urnmt, was fully e<|nal to that at tin* end* 
ing. It was, how(‘V(*r, found that if in this ease fla* length of 
th(^ (‘oil was iiU'n^ased, this shock was diminished; and w<‘ mav 
state as an inrer(‘n('(‘ from .'■everal e\p(n*imen{s that, how(‘ver 
great may 1)(‘ tin* intimsity of tla* eleetrieity fnmi lla* hatlery, 
tlui sho(‘k at th(‘ Ix^ginning may lx‘ so reduced, hy a surri(d<mt 
incr(‘asti of th(‘ hmgth of the primary eireuit, as to !h‘ searcidv 
porc(iptihl(‘. 

15. it was also hmnd that when th(‘ thi(d<ness of fht* coil was 
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sanic^ the shock at the beginning of the battery current was 
somewhat increased. This result was produced by using a 
double coil ; the electricity was made to pass through one strand, 
and immediately afterwards through both ; the shock from the 
helix in the latter case was apparently the greater. 

IG. By the foregoing results we are evidently furnished with 
two methods of increasing at pleasure the intensity of the induc- 
tion at the beginning of a battery current; — the one consisting 
in increasing tlie intensity of the source of the electricity, and 
the other in diminishing the resistance to conduction of the cir- 
cuit while the intensity remains the same. 

17. The explanation of the effects which we have given, rela- 
tive to the induction at the beginning, is apparently not diffi- 
cult. The resistance to conduction in the case of a long con- 
ductor and a battery of a single element is so great that the full 
developmeiit of the primary current may be supposed not to take 
place with sufficient rapidity to produce the instantaneous 
action oil which the shock from the secondary current would 
seem to do]iend. But when a battery of a number of elements 
is employed, tlie poles of this, previous to the moment of com- 
pleting the circuit, arc in a state of electrical tension; and, there- 
fore, the discharge through the conductor may be supposed to be 
more sudden, and hence an induction of more intensity is pro- 
duced. 

1<S. 'That tlie slioc;k at both making and breaking the circuit 
in. some way de])C‘nds on the rapidity of formation and diminu- 
tion of the (uinxMit is shown by the following experiment, in 
which the tiaision Just mentioned docs not take place, and in 
which id so the current ap])ears to diminish more slowly. The 
two ends of the coil were ])laced in the two cups which formed 
the poles of 11 le liaitcuw, and permanently retained there during 
the ex])erim('nt ; also at the distance of about six inches from, 
say, the right ('iid of tlie coil, a loop was made in the ribbon, 
which could be plunged into the cup containing the left hand 
end. Wiih this arrangement, and while only the two extreme 
ends of the coil were in connection with the cups of mercury, of 
course the curix^nt ])a.ssed through the entire length of the ribbon 
of the coil ; but by ])lunging the loop into the left hand cup, the 
whole lengih of ihc coil, except the six inches before mentioned, 
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loop was lifted out of the cup, the whole loiiixtli was included. 
In this way the current in the coil could l)e suddcjily formed 
and interrupted, while the poles of the battery w(‘r(i eontinually 
joined by a conductor, but no shock witli eithca* a sino-h^ or com- 
pound battery could be obtained by this method oi opc'ration, 

19. The feebleness of the shock at the beij;innin^- ot tlie cur- 
rent, with a single battery and a long coil, is not entirely owing 
to the cause we have stated (ll), namely th(‘ resisiance to con- 
duction offered by the long conductor, but also dt^pcmds in. a con- 
siderable degree (if not principally) on the adv(‘rse influence 
of the secondary current, induced in. tlu' ])rima,ry (tondnctor 
itself, as is shown by the result of th(‘ following experiment. 
Helix No. 1 was placed on a coil consisting of ordy lhr(‘(‘ spires 
or turns of copper ribbon ; with this tlu* slnx'k at both making 
and breaking the circuit with a singl(‘ batinry ('oiild b(‘ left in 
the hands. A compound coil was then fornuMl of llu' chopper 
ribbons of coils No. 3 and 4 rolled togdlun- so Ibai, llu' s(?vc‘ral 
spires of the two alternated witli eac'h ollunx and wlnm this was 
introduced, into the circuit so as not lo ad, on lh(‘ helix by its 
induction, and the battery eurr(‘ni pass(‘(l through ( for e\'am})l(‘) 
coil No. 3, the shock at making (‘ontad. with lh(‘ po!(‘ of th{.‘ 
battery was so inucli reduc(Ml as to Ik‘ imp(‘r(*(‘pt ibh' in tlie hands, 
while tlie shock at 1)reaking th(‘ (‘ontad was about th(‘ sa.mi‘ as 
before this addition Avas made to tlu‘ hmgth of tin* dnmit. Tlu* 
ends of coil No. 4 wcwe now join(‘d so as to produo<‘ a. dos(‘d dr- 
euit, the induced (uirrent in. wliidi would nenlralizo the siH'ond- 
ary current in tlie ])atiery ('OTidiU'tor itsdf; and now lh(‘ shock 
at making the contact was nearly as powerful as in t,h(‘ (aise 
where the sliort conductor aloiu' formed tin* di’cuil. with th(‘ 
battery. Hence the prin(a|)al (*aus(‘ of lh(‘ foehI{‘n(‘ss of tlu' 
(‘fleet at th(‘ ])(‘ginning of th(‘ hattery (mrroid is ih<‘ ailv(‘rs(‘ 
action on th(‘ h(‘lix of the s(‘(*ondary current produc(‘d in th(‘ 
conductor of the batt(‘ry circuit itself. 44i(‘ shock at, llu* br<‘ak~ 
ing of the circuit in tins (‘xperinu'iit did not app<‘ar aflVided by 
joining or separating ilu' emls of (‘oil No. 1. 

20- Having investigatt‘d the conditions on whi('h th(‘ indu(‘- 
tive action at the b(‘ginning of a bati(*ry curnnd d<‘[Hmds, (‘xp(‘ri~ 
ments were next instituted to d(‘t(‘rmin(‘ lh(‘ nainiv of th(‘ (‘ff(‘('i.s 
produced by this induction; and first, tin* (‘oils W(*r(‘ arranged 
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dueing currents of the different orders. The result with this 
arrangement was similar to that which I have described in ref- 
erence to the ending induction^ namely^ currents of the third, 
fourth, and fifth orders were readily obtained. 

21. Also, wlien an arrangement of apparatus was made sim- 
ilar to that d (‘scribed in paragraph 87 of my last paper, it was 
found tliat a currcuit of intensity could be induced from one 
of (quantity and the converse. 

22. Likewise, the same screening or rather neutralizing effect 
was produced wlien a plate of metal was interposed between two 
consecutive conductors of the series of currents as was described 
(No. Ill, section 4) in reference to the ending induction. In 
short, the seiles of induced currents produced at the beginning 
of the primary current appeared to possess all tlie properties 
belonging to those of the induction at the ending of the same 
curi'cnt. 

23. I may mention in this place tliat I liavo found in the 
course of these experiments that the nexitralizing power of a 
plate of metal depends in some measure on its superficial (‘xt(‘nt. 
Thus a broad ])laie which (cxU'uds in every direction beyond the 
helix-and coil, producers a, more ])erfe(it screening than, one of the 
same metal arid of the same' thideness, but of a dia, meter only a 
little gi-(uiter than that of the coil. 

21. The JUixt step in the inv(‘stiga,ti()n wa,s to d(4, ermine tlio 
direction of the (Uii“r(‘nts of th(‘ diriercmt onhu's ])rodiic(‘d by tb(‘ 
beginning induction; and for this purposes tlui magiuhizing 
spirals (3) w(‘r(‘ iis(‘d, a.nd tli(‘ results ol)ta,in(‘d by tlu^se V(unric‘d 
by the indi('ations of tlu^ galvanom(‘ter. It should b(‘ si,a4(;d 
her(‘ as a facd:, which wa.s al'tc'rwards found of sonuj im|)orta,iu‘e, 
that although thci necidlci of the galvanoinetcir was powcu’fully de- 
fl(‘(',t(‘d wlien the inslj'unumi was phiced in. the dreuit of the 
sectondary currc'id,, yet a, V(‘ry IVcdde erihcft wa,s produc(‘d on it 
by i.he acd.ion ol* a, cuirrent of i,he third, rourth, or firth ordc'i-, 
4410 dirc'ctions, howev<‘r, of these currents, as indi(ai.t(‘d liy tlie 
fc'c'hle motions of ilu^ n(‘<*dh‘, w(‘re the sa.nie as those giv(.m by 
the magmd.izing spiral. 

25. ddie dir<‘ci.ion of th(‘ diflerent currents jirodiu'ed at the 
making of th(‘ battery c;urr(‘nt, as dc'termined liy these insi.rii- 
ments, is as follows, :na.ni(‘ly: the direction of the s(‘(*onda,ry 
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mary current;, and also tlic direction of each snccooding current 
is opposite to that of the one wliicli produced it. Wo liave, there- 
fore;, from these results, and tliose formerly obtained (Mo. Ill, 
92), the following series of directions of currents, one produced 
at the moment of beginning, and the other at that of ending 
of the battery current. 


the Hefjlwning 

At the Knding 

Primary current 

+ 

+ 

Secondary current 

— 

+ 

Current of tlie third order 

+ 

— 

Current of the fourth order 

— 

+ 

Current of the fifth e)rder 

+ 

— 


2G. These two series, at first siglit may appear very dilTcu-ent, 
but with a little attention they will be s(‘en to b(‘ of th(‘ sa,me 
nature. If we allow that the indm-iion at th(‘ (‘uding of a, gal- 
vanic battery should ])e o})])()siie to that at llu^ beginning of tlu' 
same, then the sign at the to]) ol* tlu* second ('oluinn may b(‘ (-allt'd 

minus instc'ad of plus, and W(‘ shall hav(‘ llu^ S(‘('ond seri(‘s (-- 

— -f- alternal.ing pn'edsedy like tlui first. 

27. In coniUKdion wiih lh(‘ r(‘sults giveui in lh(‘ Iasi, two par- 
agraphs, it is due to Mr. S(urg(‘on ihat I should slal(‘, (hat in a 
letter addressed to me and ])ublislH‘d in lh<‘ .1 ////uAv of h]lorlrir\hj , 
he lias predicted from Ids theorv, lhat I would find on (‘xandn- 
ation the series of alternation of ciirremts for i.h(‘ beginning 
induction whicdi T have here given. 1 may, bow(‘V(‘r, b(‘re‘ add, 
it appears to me that this r(‘sult might bave^ bean ])r(al ideal with- 
out ref(‘rcnce to any thee)ry. dMieM-e* was no reaison (o su]>pose^ 
the induction at the beginning would he‘ dirierent in i(s nature^ 
from that at the (‘uding, anel ihea-ed'on* ihe smae^s whidi would b<‘ 
])r(>dueed from the formtu- ndght b(‘ iimmaliatdy infeu’nal from 
lha,t belonging i.o the‘ latien*, by rea'ollea*! ing ihat I ho direadion 
oT the induction ai. ihe^ beginning shouhl b(‘ opposile* to llnd at 
the eluding. I do not wisli it lo b(‘ supposeal, howeauM*, From 
this reniai'k, that I had mysedf drawn any infeuanea^ from my 
ex])ei‘imenis as io ihe‘ alternaiienis e)!' eurrends whiedi might be* 
produced 1)}^ ihe ])egimdng ijidue*iie)n ; ihe* j.ridh is that this 
action was se) lieble^ witli Ihe arrange‘me‘ni. of apparatus I e*m- 
ploy(‘(l, that I sii]){)osed it (a)uld ne>t ])re)eluea‘ a s(‘rie*s of eairreudnS 
of tlie diffeu*ent orelcvrs. 
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lijivo found tliat a shock can be produced without using a coil, 
by arranging about ten elements of tlie battery in the form of 
a circle^ and placing the helix witldn this. The shock was felt 
in the hands at the moment of closing the circuit, but the effect 
at opening the same was scarcely perceptible through tlie tongue. 
An attempt was also made to get indications of induction by 
placing the helix within a circle of dilute acid, connected with a 
battery instead of a coil, but the effect, if any, was very feeble. 

29. I have shown in tlie second number of my Contrilnitions, 
that if the body be introduced into a circuit with a ])attery of one 
hundred and twenty elements, without a coil, a thrilling sensa- 
tion will be felt during the continuance of the ciiiau'nt, and a 
shock will he experienced at the moment of interru])ting the 
current by breaking tlie circuit a.t any point, ddiis result is evi- 
dently due to the induction of a, secondary current in the battery 
itself, and on this princijilc the remarkable physiological effects 
produced by Dr. lire, on the body of a malefactor, may bci ex- 
plained. ''Phe l)ody, in these •experiments, was made to foimi a, 
part of the circuit, with a. compound galvanic ap{)a,i‘a,tns in whicli 
a scries of inlerruptions was rapidly ma,de l)y dra,wing the end 
of a conductor ov(U’ the (‘dg(‘s of the phites of tlu‘ ba,ttery. By 
this ojieration a seri(‘s of induced currents must have been pro- 
duced in the; ])a,tt(‘.ry itstdf, ibe intensity of which was greater 
than that of ibe ])rima.i*y ciirmnt. 

30. In this ('oniKH'tion 1 may numtion that the id(‘a, lias oc- 
curred to mc^ that the. iiihmse shocks given by the ehictricaJ. fish 
may possibly l)ti from a, s(K'ondary current, and tluit the great 
a/mount of ncu'vous organization found in tiu'se animaJs may s(irve 
the purjiosc^ of a, long ('ondiu^tor.* It a})])(‘a,rs to me, that in 
the iirescnt states of knowl(‘dge, tins is the only way in which we 
can ('(')nc(Mve of (‘lt‘c(,ricity so intense lieing produced in organs 
impei'fectly insulahul and imimu’scid in a, conducting nuHliuni. 
But we have seen tliat an original current of feeble intensity (tan 
induc(t, in a, long wire, a. s(‘(ton(la.ry current capable of giving 
intc^nse slioclcs, although the sev(‘ra.l strands of tlie wire are s(‘])- 
ara.ted from eacb other only by a. covering of cotton threa,d. 
Whatever may be the worth of this suggesstion, the scH'onda.ry 
current affords the means of imitating iJie pluMiomena of tlie 

* Siiicci writing tint al)ov(‘, T lniv(‘ found tliat M. Masson has suggested 
tlie same idc‘a, in an interesting thesis lately j[)ublished. 
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shock from the electrical eel, as described by Dr. l^'jiradjiy. By 
immersing the apparatus (Fig. 3) in a shallow vessel of water, 
tlie handles being placed at the two cxtreinities of the dianudni; 
of the helix, and the hands plunged into the water parallel to 
a line joining the two poles, a shock is felt thi'ougli the arms; 
but when the contact with the water is made in a, line at right 
angles to the last, only a slight sensation is felt in each luind, 
but no shock. 

31. Since the publication of my last pa, per, I have exliibited 
to my class the experiment (No. Ill, section 3) relaiive to the in- 
duction at a distance on a much larger scale. All my coils were 
united so as to form a single length of conductor of al)oiit four 
hundred feet, and this was rolled iiito a ring of fiv(‘ and a, lialf 
feet in diameter, and suspended vertically against the inside of 
the large folding doors which separate the laboratory from th(‘ 
lecture room. On the other side of the doors, in thc‘ k‘('ture 
room, and directly opposite the coil, was phiccul a, lulix, form(‘d 
of upwards of a mile of copper wire, one sixtcumlh of an indi in 
thickness, and wound into a hoop of four (V(‘t in (liaimdinx 
With this arrangement and a, battery of one IiuikIixmI and forty- 
seven square feet of zinc surface divided into eight ('hammts, 
shocks were perceptible in tlu^ longue wlam the I wo (tondiulors 
wore separated, to the distance of m^arly s(‘vcm f(‘(d; at tlu! dis- 
tance of between three and four llnd the shocks W(U‘(‘ (piite s(‘ver(‘. 
The exhibition was rendered more iiihux'sl.ing by causing th(‘ 
induction to take place through a. number of persons standing 
in a row between the two conductors. 

SECTION 2 

On Appar(mtly Two Kinds of Elrwlro-Dj/nani !(’ Jndmddon 

32. The investigations arranged umhu* this hcxid had thdr 
origin in the following circunistanc(?s. Afhn- th(‘ })uhIi(xition of 
my last paper, I received, through i.h<‘ kindness of Dr. Faraxlay, 
a copy of the fourteenth series of his hes(‘ar<lK‘s, and in this 
I was surprised to find a statenunt which a{)p(‘anal in dinv't 
opposition to one of the principal fads of my communical ion. 
In paragraph 59, I state in substance tiiat wlum a, plalex of mdal 
is interposed between the coil transmitting a, galvanic curixml, 
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and the helix placed above it to receive the induction^ the shock 
from the secondary current is almost peiiectly neutralized. Dr. 
Faraday, in tlie ext(aision of liis new and ingenious views of 
the a.gency of tlie interinediate particles in transmitting induc- 
tion, was led to make an experiment on the same point, and ap- 
parently under tlie same circumstances, he found that it makes 
not the least difference whether the intervening space between 
the two condiudors is occupied by such insulating bodies as air, 
sulphur, and shell-lac, or such conducting bodies as copper and 
other non-niagnetic nudals.^^ 

33. As the inv(‘stigation of the fact mentioned above forms 
an im])ortaut paid, of my pajier, and is intiinately connected 
with almost all the phenomena subsc‘(|uently described in the 
coinmunic'ation I was, of course, anxious to discover the cause 
of so ixuiarkable a, discrepancy. There could be no doubt of 
the truth of my r(‘siilts, situu^ a. sho('k from a siicondary current 
which would paralyze the a.rms was somimh nahiced liy the in- 
ter])osition oT pla,t(‘s ol nud.al a.s sca.rcely to be felt through the 
tongue. 

34. A Thu* SOUK! r(‘ri(*(4.ion, howev(‘r, the thought occnrrcHl to 
me tlrnt imlmdion might be prodiu'ed in such a way as not to be 
affecUul by (he inixa'posiiion of a, plai(‘ of ni(d.a,h To understand 
this, supposes the (Mid of a. magiud.ic bar placed ])erj)endicuhu*ly 
undcM* the middle oT a, plate of copptM*, and a, helix siiddtmly 
brought down on Ibis; an indma'd (tiin*(Mit would be produced 
in th(‘ lu‘lix by ils mol, ion towa.nls ilu‘ plate, since the cojijier in 
this case could not scmhumi the magiudic inriuence. Fow, if we 
substitul.e for the magiud, a, (ioil through whic-h a, galvanic cur- 
rcMit is passing, (he efrect should be (he sanie. ''Phe ex])erim(Mit 
wa,s tried by altadiing the ends of th(‘ hedix l,o a, galvanornetcM*,'^' 
a.nd th(‘ r(‘suli, was as I expend, (‘d: when the coil was siuhhmly 
lu’ought down on th(‘ [ilah^ the neenih' swung in one dire(dlon and 
when nrUnl uf), in th(‘ otlnM*; the aanoiint of l,he deflection bm’ng 
the sa,m(‘, wlndluM’ the jilal.e wa,s inUu’posed or not.- 

33. it must be obs(M’V(‘d in this (MXfieriment, that the pla,i,e 
was at rest, and cons(‘(|U(Miily did not pa, r(, alee of the induction 

* The arrangement will 1x5 n'adily understood by sujiposing, in Fig. 3, the 
liandles nmioved, and tlu^ ends of the* ludix joine,d to tlu^ (mds of the wire 
of a galvanom(d.er; also, by a plat<i of nuital interposed between the helix 
and tlui coil. 
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produced by the motion of the helix. From my previous in- 
vestigations I was led to conclude that a different result would 
follow were a current also generated in the plate by simultane- 
ously moving it up and down with the helix. This conclusion, 
however, was not correct, for on making the experiment I found 
that the needle was just as much affected when the plate was 
put in motion with the helix as when the latter alone wa,s moved. 

36. This result was so unexpected and remarkal)le that it 
was considered necessary to repeat and vary the ex])erinuuit in 
several ways. First, a coil was interposed instead o! the plate, 
but whether the coil was at rest or in motion with tlie lielix, with 
its ends separated or joined, the effect on the galvanometer was 
still the same; not the least screening influence; could be ob- 
served. In reference to the use of the coil in this (‘Xp(;riment, 
it will be recollected that I have found this article to ])rodueo 
a more perfect neutralization than a plate. 

37. Next, the apparatus remaining the same, and the ludix at 
rest during the experiment, currents were inducc'd in it by mov- 
ing the battery attached to the coil up and down in the acid. 
But in this ease, as in the others, the eflnct on i.lu‘ ga.lva,nom(;t(‘r 
was the same, whether the plate or tin; coil was interposcal or not. 

38. The experiment was also tried with ma.gn(;to-(d(‘ctricity. 
For this purpose about forty leet of copp(‘r wins ('ovau’ed with 
silk, were wound around a short cylimhu* of stiff papeu*, and into 
this was inserted a hollow cylindc^r of sheet cop|)er, and into 
this again, a short rod of soft iron ; wlum the hitt(‘r was reiuha-cHl 
magnetic, by suddenly bringing in contact with its two (uids the 
different poles of two magnets, a curnmt was, of {*oin*s(;, g(‘n(vr- 
ated in the wire, and this as before was found to a thud, i.h(‘ gal- 
vanometer to the same degree, when the coppeu* (ylindcn* was in- 
terposed, as when nothing but the papeu* ini.erveiKMi. 

39. The last experiment was also vari(*d by wrapping two (top- 
per wires of equal length around the iniddh; of th(‘ ke(p(‘r of a, 
horse-shoe magnet, leaving the ends of tlu; inner oiu; }>n)j(‘cting, 
and those of the outer attached to a galvanonuitcux A (mrnmt 
was generated in each ])y moving the k(‘(‘p(!r on tlu; tmds of tlu; 
magnet, but the effect on tlie galvanometer was not in the l(;ast 
diminished by joining the ends of the inmvr wire;. 

40. At first siirht. it mio-ht annear thnt ;dl flwvon nrvk 
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effect of interposed coils and ])lates of metal. But it will bo 
observed that in aJl tlie experiments just given, the induced 
currents are not tlie same as those described in my last com- 
munication. They are all pi-oduccd by motion, and have an ap- 
preciable duration, vvliich continues as long as the motion exists. 
They are also of low intc^nsity, and thus fa,r I have not been able 
to get shoc'ks by any arrangement of apparatus from currents 
of tliis kind. On the otlier hand tlie currents produced at the 
monumt of suddenly making or brc'aking a galvanic current, 
are of considerable intensity, and exist but for an instant. 
From these and other facts presently to bo nuuitioned, I was led 
to su])pos(; that tluu’e are two kinds of (viectro-dynamic induc- 
tion ; one of vv^liich can be n(‘utraliz(id ])y tlie iiiterposition of a 
metallic plate betwe^vn the (‘onductors, and the other not. 

41. In reference to this surmise, it became important to ex- 
amine again all tlu‘ plumomena. ot induction at suddenly making 
and brc'aking a, galvanic (uirnuit.''' And in connection with this 
part of the subjeud I will first numtion a, fact which was observed 
in th(‘ courses of ihe c'xpcu'inKmts given in the last section, on, 
the diriHttion of tlie indiU'C'd (niri‘(‘nts of dirhu-ent orders. It 
was found lhal, though ih(‘ in(li(aitions of the galvanometer were 
tlie sa,ni(‘ as those' of Ihe spiral, in re'h're'iU'.e to (he direction of 
the indiK'cd curre'iits, y(‘t ilu'y w('r(' v(‘ry difh're'nt in regard to 
the' int(‘nsity of tlu^ acd.ion. 44ius, wlu'ti the ai'i'angc'numt of the 
appa.rafus was suedi (hat ihe indiud.ion a(. nuiking (he batte'ry (ur- 
cuit was so l*(‘(‘bl{‘ as no(. (o give the h'ast magnetism to the 
n(H‘(lI(‘, and so jiowc'rful at (h(‘ (‘iiding a,s to magiu'tixe it i,o sat,- 
u ration, (he indic'ation of the galvanonu'ter was the same in 
l)oth (%‘ises. 

•12. Also, similar r(*sul(s W(‘re obl.aiiK'd in comparing (he shodc 
and (lie (h'fh'cdion of (he* gal vanome((‘r. In oiu' (‘xpi'rinumt, I'or 
examf)l(‘, IIk' slax'k was so ('(‘('hh' at making contaeh, (hat it could 
scanx'ly h(' p('rc(‘iv<‘d in llu' finge'rs, bid. so jiowi'rful at th(‘ brtxdc- 
ing of (h(‘ circuit as (o b(‘ f(‘l(. in the bn'asi., ye(, (,h(‘ gal va.nonud.m- 
was <l('f!(‘cted about ( hii'ty-five' degrex'S (o the rigid, a(, (he be- 
ginning of (h(‘ (niri'cid:, and only an (‘(pial numlx'i- of degrees to 
(he h'fi., ai. (In' (‘iiding of (he' same. 

'12. In anolher (‘xpe'riment, ilu^ apparatus being the same as 
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before, the magnetizing spiral and the galvanoiiu'tor were botli 
at 02 ice introduced into the circuit of the helix. A sewing needle 
being placed in the spiral, and the contact with tlu^ battery made, 
the needle showed no signs of niagnetisju, althougli the galva- 
nometer was deflected thirty degrees. Tiie lu^edle being re- 
placed, and the battery cii'cuit broken, it was now found strongly 
magnetized, while the galvanometer was moved only about as 
much as before in the opposite direction. 

44. Also, effects similar to those described in tlie last two 
paragraphs were produced when the ap])aratus was so aiTanged 
as to cause the induction at the beginning ot the battery currtmt 
to predominate. In this case the galvanonietcn* was still almosi 
equally affected at making and breaking batttnw ('ontacd,, or anv 
difference which was observed could be rcdVo-rcMl to a. va.ria,tion 
in the power of the battery during the (‘xpinMiiumt. 

45. Another fact of importance belonging to lh(‘ sam(‘ (*lass 
has been mentioned before (24), namely, that tlu^ ad ions of the 
currents of the third, fourtli, and fifth orcbo's jirodiua^ a, vcn*y 
small effect on the galvanometer, compariul wi(b (hat of tin.! 
seeondarv current: and this is not on account of ihe diminishing 
power alone of the successive inductions, as will b(‘ <‘vi(l(‘nl, from 
the following experinumt: By raising tlu^ lidix fi’oin tli(‘ ('oil, 
in the arrangement of the apparatus for (h(‘ s(‘('on(lary (uirnuii,, 
the shock was so diminished as to 1 k^ inlVrior lo on(‘ pi-odu('(‘d 
by the arrangement for a t(‘rtia.ry current, yd, wbib' wilh ih(‘ 
secondary current the needle was d(d’l(‘d(‘(l twimty-five (bgrcu^s, 
with the tertiary it moved scain'dy inon^ (ban on(‘ d(gr(‘(‘; and 
with the currents of the fourth and fifth orders lh(‘ d(‘fl(‘('i,ions 
were still less, resembling the effed. of a slight impulse' giv(‘M to 
the end of tlie needle. 

46. With the light obtained from the fon'going (*x[U‘rim(‘nis, 
I was the more fully ])ersuad(.‘(l that souk' mnv and inh'resiing 
results might be obtained by a reexa.minat ion of my forimn- (ex- 
periments, on the plienonKma of the iiderposcd phih' of ludal 
in the case where tlie induction was produc(‘d hy making aiid 
breaking the circuit with a cu]) of UK'rcury; and in this 1 
was not disap])ointed. Th(‘ coil (Fig. d) hdng ('oniH'de'd with 
a battery ot ten eleinents, the shocks both at making and bn'ak- 
ing the circuit, were very severe; and (h(‘S(‘ as usual W(‘i-e 
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BuL when the galvanometer was introduced into the circuit in- 
stead of the body^ its indications were the same whether the plate 
was interposed or not ; or in other words the galvanometer indi- 
cated no screening, while, under the same circumstances, the 
shocks were neutralized. 

47. A similar effect was observed when the galvanometer and 
the magnetizing spiral were together introduced into the cir- 
cuit. The interposition of the plate entirely neutralized the 
magnetizing power of the spiral, in reference to tempered steel, 
while the deflections of the galvanometer were unaffected. 

48. In order to increase the number of facts belonging to this 
class, the last experiments were varied in several ways ; and first, 
instead of the hard steel needle, one of soft iron wire was placed 
in the spiral, witli a small quantity of iron filings almost in con- 
tact with one of its ends. The plate being interposed, the small 
particles of iron were attracted by the end of the needle, indicat- 
ing a feeble, temporary development of magnetism. Hence the 
current which moves tlic needle, and is not neutralized by the 
interposed, plate, also feebly magnetizes soft iron, but not hard 
steel. 

49. Again, the arrangement of apparatus l)oing as in para- 
graph 4(), instead of a pla.te of zinc, one of cast iron, of about 
the same svqKvrficial dimensions, but nearly lialf an inch thick, 
was intcu’posed ; with tliis, the magnetizing power of the spiral, 
in reference to ternpeu-ed steel, was neutralized; and also the 
action of the galvanometer was much diminished. 

50. .Anotlu'r result wa,s obtained ])y plaxa'iig in tlie cinaiit of 
the helix (Fig. JV), at tlie same time, the galvanometer, the 
spiral, and a drop of distil lc‘d water; with tliese the magnetizing 
power of the spii*al was the sa.mo as without the water, but the 
deflection of ihe galvanometer was rediiccid from ten to about 
four degrees. In addition to these tlui body was also intro- 
duced into the same circniit; th(i shocdcs were found very severe, 
the spiral magnetized, iuhmIU's strongly, but tlui ga,lva,iu)m(4;or was 
still l(;ss moved than lavrore. ''I’lu^ curnmt of low intensity, 
whidi d(‘flects i.lie ]i(*(idle of th(» galvanonniter in these instamics, 
was partially interce])ted by the ira])erfect conduction of the 
water a,nd the body. 

51. To exhil)it tlie results of those experiments with still more 
precision, an arrangcunent of a,})paTa.tus v'as adopted similar to 
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that used by Dr. Faraday, and described in tlio fourteenth series 
of his Researches, namely, a double galvanometer- was formed 
of two separate wires of equal length and tliic-kness, and wound 
together on the same frame; and also a doiibic magnetizing 
spiral was prepared by winding two equal wires around the sanie 
piece of hollow straw. Coil No. 1, connected with the battery, 
was supported perpendicularly on a table, and coils Nos. o a.nd 4 
were placed parallel to this, one on each side, to rc'ceive tlu^ in- 
duction, the ends of these being so joined with those of the gal- 
vanometer and the spiral that the induced current from the 
one coil would pass through the two instrum(‘ni.s, in a.n opposite 
direction to that of the current from the oilier coil. The two 
outside coils were tlien so adjusted, by moving them to and from 
the middle coil, that the induced curremis pen- feci ly neutralized 
each other in tlie two instruments, and. tlu* lu'c'dle of the gal- 
vanometer and that in tlic spiral wer(‘ both una, rhuded wlien 
the circuit of the battery was made and brokem. Willi this 
delicate arrangement the slightest diricrcmc(‘ in tlic^ aedion of the 
two currents would be rendered ])(‘rc(‘ptible ; hul wlum a, zinc 
plate was introduced so as to screen one of the coils, (he ik^ihIIo 
of the galvanometer still remained piu-lVcily stalionary, indicat- 
ing not the least action of the plate while ihe ne(‘(llc^ in ilu^ spiral 
became powerfully niagneti(^ Wh(.m, liowieau-, a plal(^ oi iron 
was interposed instead of the one of zinc, (h(‘ mn^dh^ oi* the 
galvanometer was also affected. 

52. From the foregoing results it would s(‘em (ha{. ih(! sec- 
ondary current, produced at th(‘ monumt of l.h(‘ siiddcm Ixgi lining 
or ending of a galvanic current, by making and hri^aking (uiniact 
with a cup of mercury, (consists of two parls whicdi possess dif- 
ferent properties. One of these is of low ini.ensily, can h(‘ inlcr- 
rupted by a, dro]) of water, does not magiKdizc^ hardeuuMl steel 
needles, and is not screened liy the inlm-fiosition of a, plate of 
any metal, except iron, between the condiudors. ddi(‘ oilun* part 
is of considerable intensity, is not intercejited by a. di*op of water, 
develops the magnetism of hardened steel, giv(‘S slux-ks and in 
screened or neutralized by a closed coil, or a, ])la(e of any kind 
of metal. Also, the induced curnmt prodiuuMl by moving a. 
conductor towards or from a bathny (uirreni, and l.hal, produced 
by the movement up and down of a, battery in l,b(‘ acad, are of 
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thirds fourth, and fifth orders partake almost exclusively of the 
properties of the second part.* 

Postscript 

53. The principal facts and conclusions of this section were 
announced to the Society in October, 1839, and again, in June 
last, presented in the form in which they are here detailed. 
Since then, however, I have had leisure to examine the subject 
more attentively, and after a careful comparison of these results 
with those before given, I have obtained the more definite views 
of the phenomena which are given in the following section. 


Section 3 

Theoretical Considerations Relating to the Phenomena Described 
in this and the Preceding Co^nmunications 
Read November 20, 1840 

54. The experiments given in No. Ill of my Contributions 

were merely arranged under different heads, and only such in- 
ferences drawn from them as could be immediately deduced 
without reference to a general explanation. The addition, how- 
ever, whicli I liave since made to the number of facts, affords 
the means of a wider generalization; and after an attentive 
consideration of all the results given in this and the preced- 
ing papers, I have come to the conclusion that they can all be re- 
ferred to the simple laws of the induction at the beginning and 
the ending of a galvanic current. , 

55. In the course of these investigations the limited hypoth- 
eses which I have adopted have been continually modified by the 
development of new facts, and therefore my present views, 
with the further extension of the subject, may also require 
important corrections. But I am induced to believe, from its 
exact accordance with all the facts, so far as they have been 

* (Tlic above paper was reprinted in Silliman’s American Journal of 
Science, April 1841, Vol. XLI, pp. 117-152. Also, in Sturgeon’s Annals 
of Blectricity, etc., Vol. YTI, pp. 21-56. Also in the London and Edin- 
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compared^ that if the explaBation I now venture to give be not 
absolutely true, it is so at least in approximation, and will there- 
fore be of some importance in the way of suggesting new forms 
of experiment, or as a first step towards a more perfect gener- 
alization. 

56. To render the laws of induction at the beginning and 
the ending of a galvanic current more readily applicable to the 
explanation of the phenomena, they may be stated as follows : 

1. During the time a galvanic current is increasing in quantity 
in a conductor, it induces, or tends to induce, a current in an 
adjoining parallel conductor in an opposite direction to itself. 

2. During the continuance of the primary current in full quan- 
tity, no inductive action is exerted. 3. But when the same 
current begins to decline in quantity, and during the whole time 
of its diminishing, an induced current is produced in an oppo- 
site direction to the induced current at the beginning of the 
primary current. 

57. In addition to these laws, I must frequently refer to the 
fact, that 'when the same quantity of electricity in a current of 
short duration is passed tlu^ough a galvafiometcr, the deflecting 
force on the needle is the same, whatever be the intensity of 
the electricity. By intensity is here understood the ratio of a 
given quantity of force to the time in which it is expended f and 
according to this view the" proposition stated is an evident in- 
ference from d3mamie principles. But it does not rest on con- 
siderations of this kind alone, since it has been proved experi- 
mentally by Dr. Faraday, in the third series of his Researches. 

58. In order to form a definite conception of the several con- 
ditions of the complex phenomena which we are about to investi- 
gate, I have adopted the method often employed in physical in- 
quiries, of representing the varying elements of action by the 
different parts of a curve. This artifice has been of mucli 
assistance to me in studying the subject, and without the use of 
it at present, I could scarcely hope to present my views in an 
intelligible manner to the Society. 

59. After making these preliminary statements, we will now 
proceed to consider the several phenomena; and first let us take 
the case in which the induction is most obviously produced in 

* Or, more correctly speaking, the ratio of two quantities of the same 
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accordance with the laws as above stated (5f))^ namely, by im- 
mersing a battery into the acid, and also by withdrawing it from 
the same. During the time of the descent of the battery into the 
liquid, the conductor connected with it is constantly receiving 
additional quantities of current electricity, and each of these ad- 
ditions produces an inductive action on tlie adjoining second- 
ary conductor. The amount therefore of induced current pro- 
duced during any moment of time will be just in proportion to 
the corresponding increase in the current of the battery during 
the same moment. Also, the amount of induction during any 
moment while the current of the battery is diminishing in quan- 
tity will be in proportion to the decrease during the same 
moment. 

60. The several conditions of this experiment may be rep- 
resented by the different parts of the curve, A, B, C, I), Fig. 17, 
in whicli the distances Aa, Ah, Ac, represent the times during 
which tlie battei’y is descending to different depths into the acid, 
and the corresponding ordinates, ag, bk, cB, T*epresent the 
amount of curient electricity in the battery conductor cor- 
I’csponding to thc‘se times. The difference of the ordinates, 
namely, ag, mh, 7aB, (‘xpress the inc^rease in the (piantity of the 
battery cui'rxmt during tlie corresponding mom(mi,s of time rep- 
resented by Aa, ah, he; a,nd since the inductive a,(!tion (59) is 
just in pro])orti()n to th(‘ iiutrease, the same dif fcuunces will also 
represent flic arnoiint of indu(^(Ml aetion (‘xerted on the secondary 
condiicior during the same moments of time. 



()1. Wlum the batt(‘ry is fully immersed in the acid, or when 
t]u‘ curiam t in ih(‘ (conductor has nauluHl its stale of maximum 
(juantity, and during llu^ time of its remaining constant, no in- 
duction is <‘X(‘rt(‘d ; and this (condition is exprc'ssed by the con- 
stant ordinai.(‘s of ihe part of the (urve B(A parallcil to the axis. 
Also, the indu<ttiv(^ aedion prodmed by each diminution of the 
liattery curnmt, while the apparatus is in the progress of being 
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drawn from the acid, will bo represented by the differences of 
the ordinates at the other end, CD, of the curve. 

62. The sum of the several increments of the battery current, 
up to its full development, will be expressed by the ordinate cB, 
and this will therefore also represent the whole amount of the in- 
ductive action exerted in one direction at the beginning of the 
primary current; and, for the same reason, the equal ordinate, 
Od, will represent the whole induction in the other direction at 
the ending of the same current. Also, the whole time of con- 
tinuance of the inductive action at the beginning and ending will 
be represented by Ac and dl). 

63. If we suppose the battery to be plunged into the acid to 
the same depth, but more rapidly than before, then the time 
represented by Ac, will be diminished, while the whole amount 
of inductive force expended remains the same ; hence, since the 
same quantity of force is exerted in a less time, a greater inten- 
sity of action will be produced (57), and consequently a cur- 
rent of more intensity, but of less duration, will be generated in 
the secondary conductor. The intensity of the induced currents 
will therefore evidently be expressed by the ratio of the ordinate 
cB to the abscissa Ac. Or, in more general and definite terms, 
the intensity of the inductive action at any moment of time will 
be represented by the ratio of the rate of increase of the ordinate 
to that of the abscissa for that moment.* 

64. It is evident from the last paragraph, that the greater or 
less intensity of the inductive action will be immediately pre- 
sented to the eye by the greater or less obliquity of the several 
parts of the curve to the axis. Thus if the battery be suddenly 
plunged into the acid for a short distance, and then gradually 
immersed through the remainder of the depth, the varying ac- 
tion will be exhibited at once by the form of AB, the first part of 
the curve. Fig. 17. The steepness of the part Kg will indicate 
an intense action for a short time Ka, while the part yB denotes 
a more feeble induction during the time represented by ac. In 


* According to tlie diJffierential notation, the intensity will be expressed 

1, T 

oy In sonae cases the effect may be proportional to the intensity 

multiplied by the quantity, and this will be expressed by x and y rep- 


,1 4 . 1 . - 
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the same way by drawing up the battery suddenly at firsts and 
afterwards slowly, we may produce an inductive action such as 
would be represented by the parts between C and D of the ending 
of the curve. 

65. Having thus obtained representations of the different 
elements of action we are now prepared to apply these to the 
phenomena. And first, however, varied may be the intensity of 
the induction expressed by the different parts of the two ends of 
the curve, we may immediately infer that a galvanometer, placed 
in the circuit of the secondary conductor will be equally affected 
at the beginning and ending of the primary current ; for, since 
the deflection of this instrument is due to the whole amount of 
a current, whatever may be its intensity (57), and since the 
ordinates cB and Gd^ which represent the quantity of induction 
in the two directions, are equal, and consequently the amount of 
the secondary current, therefore the deflection at the beginning 
and ending of the battery current will in all cases be equal. 
This inference is in strict accordance with the results of experi- 
ment;, for however rapidly or slowly w^e may plunge the bat- 
tery into the acid and, however irregular may be the rate at 
which it is drawn out, still, if the whole effect be produced with- 
in the time of one swing of the needle, the galvanometer is de- 
flected to an equal degree. 

66. Again, the intensity of one part of the inductive action, 
for example that represented by Ag, may be supposed to be so 
great as to produce a secondary current capable of penetrating 
the body, and of tlius producing a shock* while the other parts 
of the action represented by yB and CD, are so feeble as to affect 
tlie galvanometer only. We would then have a result the same 
as one of those given in the last section (42), and which was 
supposed to be produced by two kinds of induction; for if the 
shock were refei*red to as the test of the existence of an induced 
current, one would be found at the beginning only of the bat- 
tery current, while, if the galvanometer were consulted, we 
would perec^ive the effects of a current as powerful at the ending 
as at tlie beginning. 

67. The results mentioned in the last paragraph cannot be ob- 

Tlie sliock depends more on tlie intensity than on the quantity. See 
paragraph 13. 
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tained by plunging a battery into the acid ; the formation of the 
current in this way is not sufficiently rapid to produce a shock. 
The example was given to illustrate the manner in wliieli tlie 
same effect is supposed to be produced, in tlie case of tlie more 
sudden formation of a current, by plunging one end of a conduc- 
tor into a cup of mercury permanently attached to a battery 
already in the acid, and in full operation. The current in this 
case — rapid as may be its development, cannot be supposed to 
assume per saltum its maximum state of quantity; on the 
contrary, from the general law of continuity, we would infer 
that it passes through all the intermediate states of quantity, 
from that of no current (if the expression may be allowed), to 
one of full development; there are, however, considerations of 
an experimental nature which would lead us to the same con- 
clusion (18), (90), and also to the further inference that the 
decline of the current is not instantaneous. According to this 
view therefore the inductive action at the beginning and tlie end- 
ing of a primary current, of which the formation and inhu’riq)- 
tion are effected by means of the contact with a, c-iip oi mtu’cury. 
may also be represented by the several pails of the curve, 
Fig. 17. 

68. We have now to eonsiden* how the rate of increase or di- 
minution of tlie current, in the case in questioin can bo altered 
by a change in the different parts of thc‘ aj^paraf.iis ; a.nd, first, 
let us take the example of a single ba,tt(U‘y and a short conductor, 
making only one or two turns a/round the ludi.v; with this ar- 
rangement, a feeble shock, as we have sc'cm (11), will lie felt 
at tlie making, and also at the breaking of the circuit. In tliis 
case it would seem that almost the only inqiedi merit to tlie most 
ra])id devel()])m(mt of the current would be ilu‘ rc^sistaiUMi of the 
metal to conduction ; and this we miglit suppose would he more 
rapidly overcome by increasing llie hmsion of the (‘le(d-ricity ; 
and accordingly we find that if the niimlxu* of elcanents of the 
battery be increased, the shock at making the circuit will also be 
increased, while tliat at breaking the circuit will nmiain nearly 
the same. To explain, however, this effect more minutely, we 
must call to mind the fact before referred to (17) tliat when tlie 
poles of a compound battery are not, conncu'ted, ihe apparatus 
acquires an accumulation of electricity, whi(*h is diseliarged at 
the first moment of contact, and which in this ease would more 
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rapidly develop the full current, and hence produce the more 
intense action on the helix at making the circuit. 

G9. The sliock, and also the deflection of the. needle, at break- 
ing tlie circuit with a compound battery and a short coil (9) 
appear nearly the same as witli a battery of a single element, 
because the accumulation just mentioned, in the compound bat- 
tery, is discliarged almost instantly, and according to the theory 
(71) of tlie galvanic current, leaves the constant current in the 
conductor nearly in the same state of quantity as that which 
would be ])rodiiced by a battery of a single element ; and hence 
the conditions of the cmding of the current are the same in both 
eases. Indeed, in reference to tlie ending induction, it may be 
assumed as a fact wliicli is in accordance with all the experi- 
ments (9, 13, 73, 74, 75, 7(), etc.), as well as with theoretical 
considerations,'”' iJuit when ike circuit is brohen by a cup of mer- 
cury, the rale of Ike dwiinution of the current, tvithm certain 
liuhits, reinains the same, however the intensity of the electricity 
or the length of the conductor may be varied. 

B O 


A b c 1) 

Fid. 18. 

70. Tlie several conditions of i.he foregoing examples arc ex- 
hibihul by the f)a,rts of the curves, Eigs. 18 and 1.9. Tlie gradual 
develo])nu‘nt of the cunx'iit in the short conductor, with a single 
l)att(u*y, and tlu; gradual dcudine of tlie same, a, re represented by 
the gentle? rise* of AB and fall of 01), Fig. 18; while in the next 
Fig. (19) th(‘ siidd(m rise of AB indi(?a,tes the intensity whicli 
prodiK'i's ih(‘ iii('r(‘as(‘d sho(?k, after tin? niiniber of eleincints of 
the battery has h(‘<?n incr<‘a.sed. 'The? axtciimulation of the elec- 
tric*, ity, whi(*h almost instantly subsidies, is r(?pres(‘nted by the 
])art Brc, hdg. 19, and from this we see at omue that although 
the shock is in(*n'ased by using the (compound battery, yet the 
ne(?dl(‘ of (.h(‘ galvanometer will be defleet(‘d only to the same 
number of degrees, siiuii i.he ])arts Th; and ce give inductive 





MEMOIRS ON INDUCED 


actions in contrary directions, and both within the time of the 
sin<rle swing of the needle, and consequently they will neutralize 
each other The resulting deflecting force will therefore be re- 


c 



prGSGnted by which is Gqual to CA;^ or to in Fig. 19. The 
intcnsitv of the shock at the breaking is represented as being the 
same in the two figures, by the similarity of the rate of descent 
of the part CD of the curve in each. 

71. We have said (69) that the quantity of current electric- 
ity in a short conductor and a compound battery, after the first 
discharge, is nearly the same as with a single battery. Th© 
exact quantity according to the theory of Ohm, in a unit of 
length of the conductor, is given by the formula, — 

nA 

rn + R 

In this, n represents the number of elements ; A, the electro- 
motive force of one element ; the resistance to conduction of 
one element ; and E, the length of the conductor, or rather, its 
resistance to conduction in terms of r. Now when R is very 
small in reference to rn, as is the case with a very short metallic 
conductor, it may be neglected, and then the expression becomes 

nA A 

or — ; 
rn T 

and since this expresses the quantity of current electricity in a 
unit of the length of the circuit, with either a single or a com- 
pound battery, therefore with a short conductor the quantity of 
current electricity in the two cases is nearly the same. 

72. Let us next return to the experiment with a battery of a. 
single element (68), and instead of increasing the intensity of 

.'in 1oci4- 1 Oi-f ri 1 a"n cW' U "fUA Ami — 
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(liictor be increased ; tlien tlie intensity of the sbock at the be- 
ginning of tbe current, as we have seen (14), will be diminished, 
while that of the one at tlie ending will be increased. That the 
sliock should be lesseiied at the l)eginning, by increasing the 
length of tlie {'onductor, is not surpi-ising, since as wo might sup- 
pose, the incrc‘ased T*esistanee to conduction would dirninisli the 
rapidity of the; d(;velo])mont of the current. But the secondary 
current, ndiie-h is ])roduced in tlie conductor of the primary cur- 
rent itself, as we liave seen (19) is the principal cause which les- 
sens the inbnisity of the sliock ; and the effect of this, as will 
lie shown hereafter, may also be ini*t;rred from the principles we 
luive adoptcui. 

7^1. The ex|)hina,tion of the imneased shock at the moment of 
breaking the (dreuit witli the long conductor, rests on the as- 
sumption before nuintioned (99), that tlie velocity of the di- 
minution of a. current is n(;a.rly tlu; same in the ('a,se of a, long 
conductor as in Unit of a, short one. But to understand tlie ap- 
])lication of this jiriiKaple more minutely, we must refer to the 
(diangc which takers {ilace in the (piantity of the current in the 
conductor by varying its I(;ngth ; and this will be given by an- 
other application of tlu; formula, before stated (71). This, in 
the case of a single battery, in wlii(;li u eipials unity becomes 

A 

r -b ll 

and since tin’s, as will be r(‘colj(‘cl,(‘d, n'presents the quantity of 
enrreni, ek'etricdty in a. unit of length of i.lie (uviidiuttor, we r(;a,dily 
infer from it that by incnnsiiig the length of the conduetor, or 
the vahu; of Iv, llu* (juantity of (Mirrc'iii, in a, unit of (lie h;ngth is 
](‘ssen(;d. And if Ihe r(‘sistane(‘ of a. unit of I, he length of the 
condu(;tor W(‘r(‘ vnny gr(‘at in (;ompa.rison with thal of r (the re- 
sistance oj* one element of the ha.Mery ), then the formula would 
Ixicome 

A 

R 

or the (pianiity in a single unit of the coridnctor would lie in- 
versely as ils mil.in* hnigili, and Ikuku; the amount of current 



case in any of oiir experiments^, since in no instance is the re- 
sistance of K very great in reference to r, and, therefore, accord- 
ing to the formula (73), the whole quantity of current electric- 
ity in a long conductor is always somcnvliat greater than in a 
short one. 

74. Let us, however, in order to simplify tlie conditions of the 
induction at the ending of a current, suppose that the (|uantity 
in a unit of the conductor is inversely as its wliole length, or in 
other words that the quantity of current electricity is the same 
in a long conductor as in a short one; and let us also suppose for 
an example that the length of the spiral conductor ( hig. 3) 
was increased from one spire to twenty spires ; then, if the veloc- 
ity of the diminution of the section of the current is th(‘. same 
(69) in the long conductor as in the sliort one, th(‘ shock which 
would be received by submitting the helix to tlie action of one 
spire of the long coil would be nearly of the same intensity as 
that from one spire of the short coiiductor; tlu^ (juantity of in- 
duction, however, as shown by the galvanometer, slmiild be near- 
ly twenty times less ; and these inferences 1 havci found in ac- 
cordance with the results of experiments (75). If, however, 
instead of placing tlie helix on one spire of the long (conductor, 
it be submitted, at once to the infliumce of all tlu! tweniy spires, 
then the intensity of the shock should l)t‘ twtmiy t.imes groa,ter, 
since twenty times the (juantity of curnmt eleciri(uty collapses 
(if Ave may be allowed i.he expression) in the sanu^ iinu^, and 
exerts at once all its infliumce on the helix. If in addition to 
this we add the consideration that the whole (juamtity of' current 
electricity in a long conductor is greater than that in a, short one 
(73), we shall have a furtlier reason for the incn^a.se of the ter- 
minal shock, when we increase tlie length of the ba,ttery con- 
ductor. 

75. The inference given in the last paragraph nLitive to the 
change in the quantity of the induction, but not in th(‘ ini.ensity 
of the shock from a single spire, liy increasing the whole hmgth of 
the conductor, is shown to be true by rcpc^ating ihe (‘X|)(u-iment 
described in paragraph 13. In tliis, as we have scum, i,h(‘ intims- 
ity of the shock remained the sanug altliough tlu‘ hmgth of ihe 
circuit was increased by the addition of coil No. 2. When, how- 
ever, the galvanometer was employed in tlie same arrangenumt, 
the whole quantity of induction, as indii-atcui by ihe defleciion 

90 
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of Ulo n(M‘(lI(‘, wns diniioislKMl jilinosl, in proportion to tlie in- 
oroasod of llu* oiivuil. 1 was l(‘d to naike tliis addition to 

thc^ c‘Xi)orini(‘id (IM) by my pinscmt vi(‘ws. 

7i\. ddio (‘xplanation ,u:iv(m in parau-rapli 74 also includGs that 
of tho j)(‘(‘u!iar aciion of a. Ion<;' ('ondimtor, (4itluvr coilod or ex- 
t(.‘]id(‘d, in i»-ivin,i>' slio(*ks and sparks from a, l)attoiy of a single 
(donaml, disc*()vor(‘d by mys(‘ir in istki (see No. II). Tlie induc- 
tion in this (‘asi‘ takes plac(‘ in ilu‘ (‘onductor of tlic primary ciir- 
rmit itsedf, and tlu‘ s(‘('<)n<la,ry ciirixnd, which is produced is gen- 
erated by I1 h‘ joint axdion (d* (an b unit of the Icmg-tli of the pri- 
mary cairnmt. L{4, us suppos(‘ for illustiaition that the conductor 
was at, first om* foot long, and aft(‘rwa.rds incnaised to twenty 
f(‘et- In th(‘ first east^ b(‘caus(‘ t.b(‘ short (a)ndu(dor would trans- 
mit a, grcaitur (piantity of (4(‘('tri<aty, t.he secomhiry current pro- 
(Iik'cmI by it' wouhi Ix' on(‘ of (‘onsid(‘rahl(^ quantity, or povnu* to 
(kvfltud. a. galvauom(4(‘r ; hut it would of f{H4)h^ inkmsity, for 
although th(‘ primary (Uirnmt would ('ollaps(‘. with its usual 
V(‘lo(4ty (t)h), y(‘l, acting only on a. foot of ('.onducting tnattxu’, 
th(‘ (‘fleet (71 ) would h{‘ fe(‘hl(‘. In th(‘ S(xx)nd (‘a.S(^ eaxdi foot of 
t,h(‘ t.W(‘nty f(‘(‘t. of the primary (mrr(‘nt, would s(iverally produce' 
an induetiv(‘ action (d’ th(‘ sanu' iidemsity as that of the short 
(‘onductor, th(‘ V(‘loeity of (‘ollapS(‘ h(‘iiig tlui sa,m(‘; and a,s they 
an^ all at onec' (‘\(‘rted on i.li(‘ sanu' (‘ofuliud.or, a, S(M/onda,ry (uir- 
n‘nt, would i-esult of iw(‘nty t.iin(‘S t.h(‘ inUmsity of the curnmt in 
tlu' form(‘r eas(‘. 

77. 'To n‘nd(‘r this (‘xplanation more' <‘Xpli(4t, it nia,y he proper 
to mention that a eui-n‘nt. produe(‘d ly an indmdaon on oiu' part 
(d' a long ('onduetor of uniform dianudeu*, must (‘xisi, of t,he same 
ini(‘nsity in (‘very oth(‘i’ pari, of th(‘ condind.or; iKunx^ the act, ion 
of th(‘ S(‘V(‘ral units of length of t,h(‘ pi’imary (aiiaamt must re- 
{‘iiforct' (‘a('h oth(‘r, and pro(lu(‘(‘ th(‘ sam(‘ (‘ff(‘ct, on its own (* 011 - 
ductor that th(‘ saim* curr(‘ni, would if it. w(‘i'e in a, (x)il, and a.ct- 
ing on a, lu'lix. I n(‘(‘(l S(‘are(dy add, t.hat, in this (ais(‘, as in that 
giv(‘n in paixigraph 71, tlu* whole' amount of induction is grea,ter 
with th(‘ long conductor than with the* short oiuq IxKauise the 
(piantity (d‘ eurr<‘nt (‘hxvtricity is greahu* in the former tlian in 
th(‘ latt(‘r. 

7S. W(‘ may n(‘xt, ('(>nsid(‘r tin* (diara.ct(u* of tlu‘ secondary eur- 
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suppose) in the disturbance for an instant of the natural elec- 
tricity of the metal, which subsiding leaves the conductor again 
in its natural state; and whether it is produced by the beginning 
or ending of a primary current, its nature, as we have seen (22), 
is the same. Although the time of continuance of the secondary 
current is very short, still we must suppose it to have some dura- 
tion, and that it increases by degrees, to a state of maximum 
development, and then diminishes to tlie normal condition of the 
metal of the conductor; the velocity of its devtdopment like that 
of the primary current, will depend on the intensity of the action 
by which it is generated, and also perhaps in some degree, on 
the resistance of the conductor; while, agreeably to the hypoth- 
esis we have assumed (09), the velocity of its diminution is 
nearly a constant quantity, and is not aff(‘(d:c‘d. by cluinges in 
these conditions; hence, if we suppose the inducdion wliicli pro- 
duces the secondary current to be sufficicuitly ini(‘ns(', i,]u‘ veloc- 
ity of its development will exceed that of its diminution, as in 
the example of the primary current from th(‘ inhmse source of 
the compound battery of many (‘lements. Now tliis is the case 
with the inductions which ])rodu(‘(‘ euri'(mts of ilui diflerent 
orders, capable of giving shoc'ks or of magiK'tizing st(‘(d needles; 
the secondary currents from thes(‘ ar(‘ always of ('onsidm’abh' in- 
tensity, and hence their rate of d(‘veIo])m(‘nt musi, he grciater 
than that of their diminution, and, eons(‘(jU(‘nily, llu‘y may be 
represented by a curve of the form <?xlubited in big. 20, in wliieh 


J3 



Fid. iiO. 


there is no constant part, and in wliicli ih(^ steepiu'ss of AR ir 
greater than that of BC. Uheni are, howmau-, ollun- ('onsid(‘ra- 
tions which will be noticed }iereaft(;r (89), which may affentt the 
form of the part BC of tlio curve, nmdering it still mon^ gradual 
in its descent, or in other words wluhh lend to diininish the in- 
tensity of the ending indu(d.ion of ilu? secondary ciirnmt. 

79. It will be seen at onc(^ by an insp(‘(hion of i,lu‘ curve that 
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called a tertiary eiirreiit, is not of tlie snine nature as that of a 
secondary current. Instead of being a single development in 
one direction, it consists of two instantaiieous curi’ents, one pro- 
duced by the induction, ol* All, and the other by that of BC, in 
opposite directions, of e({ua,l (jiuintities but of different intens- 
ities. The wliole (|uantity of induction in the two directions, 
will eacli be n^presented by the ordinate 1)6, and lienee they will 
nearly neutralize c'ach oilier, in n'feixaice to their action on the 
galvanometer, in the circuit of the tliird (conductor. I say they 
will 'ihCAirly muitralize each other, because, altlioiigh they are 
equal in quantiiy, they do not hotli aet in alisolutely the same 
moment of time, llie lU'edle will therefore be slightly affected; 
it will be impelled in one direction — say to the right, by the 
induction, of AB, Init, bid'ore it can g(h; fairly under way, it will 
be arrested, and turncHl in the other dir(‘ction, by the action of 
BC. This inlhrem-e is in strich: accordaiuic with observation; 
the nec‘dl(‘, as we luive sc‘c‘n (21), starts from a state of rest, 
with a vehxa'ty which afiparcuitly would semd it through a large 
arc, but Ind'ore it has r(*a(duHl p(*rhaps moi‘e than half a degree, 
it suddenly stops and turns in the other direction. As the 
needlt^ is first aflected by the acdlon of AB, it indicates a 
curnmt in tlu^ a(lv(‘rse <lir(‘(d.io.n to the s(icoiidary current. 

SO. Although lh(^ l.wo indiud.ions in the t(n*tlary conductor 
lU'arly mmlralizc^ <‘aeh ollun*, in ndlu-inu'C to the indications of 
the gal vanonudnr, y<d i.his is far from b(‘ing thti case with 
roganl i.o lh(‘ shocks, and the magnetization of s(.(‘el needles, 
''.riiesc^ (d'b'c'Is may b(‘ <tonsid(‘r(‘d as the n^suli.s alone of the 
action of AB; ih(‘ indindion of B(1 Ixdng too feeble in intensity 
to produ(H‘ a, {(‘rl.iary ('urnmi, of siifric.ient power to pemetrate 
the l)ody, or ov('n'()ni(‘ lh(‘ eo(‘rcive fiowia* of iJie hardemed si, eel. 
llen(!(‘, in r(‘f(‘r(m('(‘ in th(‘ sho(d\, and magiudlzation of the steel 
lUHxlle, we may (ml, indy n(‘gl(Hit l.he action of B(!, and consider 
the budiary (‘xedtement as a, single (uirnmi, ])rodu(!(‘d by the 
a,(d.i(>n AB; and becans<^ i.his is tb(i b(‘ginning inducl.ion (bl)), 
th(5 ((‘rtia.ry curnml, must b(^ in an opposites direction to tlie 
scK'ondary. For a, similar r(‘ason a. (mrnmt of tlui third ord(u* 
should produ(M‘ in (‘fbxd. a, singk^ curnmt of (he fourth order, 
in, a, dinxd.ion o[)posil(‘ io that of tlui curnmt wlufdi ])rodu(md it, 
and so on ; w(^ have* h<‘n^ tb{‘r(*for(‘ a simph; explanation of the 
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the currents of the different orders, as given in this and the 
preceding paper. (See paragraph ^5.) 

81. The operation of the interposed plate (32, 47, 48, etc.), 
in neutralizing the shock, and not affecting the galvanometer, 
can also be readily referred to the same principles. It is certain 
that an induced current is produced in the plate (No. Ill, 64), 
and that this must re-act on the secondary, in the helix, but it 
should not alter the total amount of this current, since for 
example at the ending induction, the same quantity of current 
is added to the helix while the current in the plate is decreasing, 
as is subtracted while the same current is increasing. To 
make this more clear, let the inductive actions of the interposed 
current be represented by the parts of the curve. Fig. 20. The 
induction represented by AB will react on the current in the 
helix and diminish its quantity by an amount represented by the 
ordinate but the induction represented by BC, will act in the 
next moment, on the same current, and increase its quantity by 
an equal amount, as represented by tlie same ordinate B6; and 
since both actions take place within a small part of the time of a 
single swing of the needle, the whole dcdlecjtion will not be 
altered, and consequently, as far as the galvanometer is con- 
cerned, the interposition of the plate will have no perceptible 
effect. 

82. But the effect of the plate on tlie s}K)ck, and on the 
magnetization of tempered steel, should be v(u*y difhjnnh; ; for, 
although the quantity of induction in tlu^ helix may not bo 
changed, yet its intensity may be so rediu^ed, l)y the a, d verse 
action of the interposed current, as to fall l)elow that degree 
which enables it to penetrate the body, or ovm’come the (co- 
ercive force of the steel. To understand how this may Ixq let us 
again refer, for example, to the induction which takes place 
at the ending of a battery current; this will produ('(‘, in both 
the helix and the plate, a momentary current in th(‘ diniction 
of the primary current which we have callcal pluH; ihe currcuit 
in the plate will react on the helix, and hmd to produce in it 
two inductions, which as l)efore may be representcal l)y AB, and 
BO, of the curve. Fig. 20; the first of these (AB) will he an 
intense action (78), in the minus direction, and will therefore 
tend to neutralize the intense action of the primary current 
on the helix ; the second (BC) will add to the helix an equal 
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quantity of induced current, but of a much more feeble intensity, 
and hence the resultijig current in the helix will not be able to 
penetrate the body ; no slioek will be perceived, or at least a 
very slight one, and the phenomena of screening will be ex- 
hibited. 

83. When the plate of metal is placed between the conductors 
of the second and third orders, or betwecin tliose of the third 
and fourth, the action is somewhat different, although the 
general princi])le is the same. Let us suppose the plate inter- 
posed between the second and third conductors; then the helix, 
or third conductor, will be acted on by four inductions, two 
from the secondary (MirRUit and two from the current in the 
plate. The direction and character of these will be as follows, 
on the supi)osition that the direction of the secondary current 
is itself plus: 

Th(‘ beginning s(‘condary . . intense and . minus. 

The (uidiiig secomhiry . . . feeble and . plus. 

The beginning intcu-posed . . intense and . plus. 

The endiiig interposed . . . feeble and . minus. 

Now if th(‘ axdion, on the third conductor, of the first and third 
of the abov(‘ indiudions be (‘cpial in. inhmsity and (juantity, they 
will n(urtraliz(‘ (‘ach otluvr; and the same will also take place 
with the action of ih(‘ s(‘('ond and fourth, if they be (Mjual, and 
hence in ibis ('as(\ mutluu* sluxdc nor motion of the lu^edki of the 
ga,Ivanoin<d(‘r would produced. If these inductions he not 
precisely (‘(|ual. Hum only a. partiaJ neutralization will take 
place, and ilui shock will tK‘ uuuxdy diminished in power; and 
also the lunxlh* will ])(‘rhaj)s 1 k‘ vcny slightly affhcted. 

84. If in ilu‘ fon^going (‘Xj>()sii,ion wo throw out of considera- 
tion th(‘ aci.ions of ilu‘ fechUt (nirrxmts which cannot pass the 
body, and which ('onscxpumtly a,r(^ not conccuTied in producing 
tlie shoc'k, them the same explanation will still apply which 
was given in the last pa,[)er (No. Ill, 9 1) namedy, in the above 
example*, the* h(‘lix is acdc'd on by the* minus influent*e of the 
secondary, and the* plus infliumce of the*, intcu-posc'd current. 

83. We are now pr(q)are(I to (xmsidcu* tlu^ (‘ffc'c-t on the lielix 
(Fig. 3) of thci induced (airrcmts produccal in the* (Mmduetor of 
the primary curremt itsctlf. ''riu^se are true scMJondary currents, 
and are almost prexusedy tlu^ saitu* in theur action as those in the 



MEMOIRS OK IKDUCED 


interposed plate. Let ns first examine the induced currents at 
the beginning of the primary, in the ease of a long coil and a 
battery of a single element. Its action on the helix may be 
represented by the parts of the curve, Fig. 20. The first part, 
AB, will produce an intense induction opposite to that of the 
primary current; and hence the action of the two will tend to 
neutralize each other, and no shock, or a very feeble one, will 
be produced. The ending action of the same induced current, 
which is represented by BD, restores to the helix the same 
quantity of current electricity (but in a feeble state) which was 
neutralized by AB, and hence the needle of the galvanometer 
will be as much affected as if this current did not exist. These 
inferences perfectly agree with the cxi)eriment given in para- 
graph 19. In this, when the ends of the interposed coil were 
joined so as to neutralize the induced current in the long con- 
ductor, the shock at the beginning of the primary current was 
nearly as powerful as with a short conductor, while the amount 
of deflection of the galvanometer was unaffected by joining the 
ends of the same coil. 

86. At first sight it might appear that any change in the 
apparatus which may tend to increase tlic induction of the 
primary current (16) would also tend to increase in the same 
degree the adverse secondary in the same conductor; and that 
hence the neutralization mentioned in tlui last {)a.ra, graph would 
take place in all cases; but we jnust recoil ( kI, that if a rnon^ full 
current be suddenly fornuKl in a conductor of a givmi tliiek- 
ness, the adverse current will not have as nnu'h spa(!(^ as it were 
for its development, and therefore will Inivci l(‘ss power in 
neutralizing the induction of the primary tha,n Ixifore. But 
there is another and perhaps a better reason, in iluj considera- 
tion that in the case of the increase of tlie number of ehunents 
of the battery, although the rapidity of the devcilopnumt of the 
primary current is greater, yet the incroascxl resistanccj which 
the secondary meets with, in its motion against tlui ax'tion of the 
several elements, will tend to diminish its (d*f(‘(d,. Also by di- 
minishing the length of the primary current, we must diminish 
(76) the intensity of the vsecondary, so that it will nu'ct with 
more resistance in passing the acid of thc^ single battery, and 
thus its effects be diminished. 

Qty mho oofiAH o-T fhn aooonrl oiifivoif io flwk /loil o-i- 
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the ending oi* tlio priinary current, sliould also at first sight 
23 rodu.ce the same screening influence as the current in the inter- 
j)osed jjlate ; but on reflection it will be })erceived that its action 
in tins res})(‘ct must be much more feeble than that of the 
similar current at tlu^ beginning; the hitter is produced at the 
inoment of making ('ontacl, and hence it is projiagated in a 
continuous cirimit of conduid.ing matter, while tlie other takes 
place at the rupture of the td remit, and must therefoi-e be ren- 
dered comparatively feebhi by Ixung obliged to pa.ss through a 
small portion ot iR'atcHl air; very little erfect is therefore pro- 
duced on ih(‘ helix l)y this indiuddon (lb). The fact that this 
curremt is capable of giving intense shocks, when the ends of a 
long wire which is transmitting a primary current, are grasped 
at the time of bi*(‘aking the (d remit is readily ex])lained, since 
in this case ilu^ body forms with the conductor a closed circuit, 
whicli p(‘rmils the comparatively fr(‘e circulation of the in- 
duced curnmi. 

88. It will b(‘ s(Hm that i have given a peculiar form to the 
beginning and (uiding of tlui curves. Fig. 17, 18, etc. These are 
int(md(‘d to r(‘pr(‘S(‘nt th(‘ va.rialdons wliicli may bo supposed to 
tak(‘ phu'Ci in the ra(i‘ of in(a\‘as(‘ and diHirease of the (|uantity 
of ih(i curnmi, (‘V(m in lh(‘ (‘as(‘ whm'(^ the (tontact is made and 
brok(m with mmxmry. Wt^ may suppose, from the existence of 
analogous plumonxma, in magmddsm, h(‘a.i, (d,c., that tlui develop- 
ment of lh(‘ (uirnmi, would lx? mori‘ ra{)id at first than when 
it af)proxiniaies whal- may b(‘ (‘alhxj th(‘ sta,t(i of current satura- 
tion, or wlum tlu^ (mrnmt has r<‘a<'h(‘d more mmady th(i limit of 
ea,])a(dly of condmd.ion of ih(‘ imdal. Also, the d(‘cline of the 
curnmi. may Ix^ suppos^xl to lx‘ mon^ ra])id at the first moment, 
than alien' ii. has lost somcnvliat of its intensity, or sunk more 
neaj'ly i.o iis normal siaien 'rh<‘S(^ variafions are indicated by 
tile rapid ris(‘ of iJu^ emrves Fig. 17, from A to //, and the more 
gradual iiu-n^asc' of th(‘ ordinaies from h to E; and by the rapid 
diininniion of iJui onlinaU^s Ixd.wexm (1 and I, and the gradual 
d(xn'(‘as(^ of ihos(‘ i.owards {h(‘ (m<l of the (uirve. 

81). ddi(‘S(‘ nion^ minui.e consideu’ations, relative to tlie form 
of tlu‘ (mrven will (mahh‘ us io ('oncedvtn how tlie time of the 
ending of ih(‘ sex'ondary (mrnmt, as w(^ ha,v(i suggested (78), may 
Ixi nrolom/cxl lx‘Von(l ihai, of ih(» naiiiral snhsideuux' of i.he dis- 
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rent depends. If the development of the primary current is 
produced by equal increments in equal times, as would be the 
case in plunging the battery (59) into the acid with a uniform 
velocity, then the part AB of the curve. Fig. 17, would be a 
straight line, and the resulting secondary current, after the first 
instant, would be one of constant quantity during nearly the 
whole time represented by Ac; but if the rate of the development 
of the primary current be supposed to vary in accordance with 
the views we have given in the last paragraph, then the qiiantitv 
of the secondary current will begin to decline before the termi- 
nation of the induction, or as soon as the increments of the 
primary begin to diminish; and hence the whole time of the 
subsidence of the secondary will be prolonged, or the length of 
hC, Fig. 20, will be increased, the descent of BC be more 
gradual, and the intensity of the ending induction of the second- 
ary current be diminished (see last part of paragraph 78). 

90. Besides the considerations we have mentioned (88), there 
are others of a more obvious character, which would also appear 
to affect the form of particular parts of the curve. And first, 
we might perhaps make a slight correction in the drawings of 
Figs. 17, 18, etc., at the point A, in consideration of the fact 
that the very first contact of the end of the conductor with the 
surface of the mercury is formed by a point of the metal, and 
hence the increment of dev(‘]opment should be a little less rapid 
at the first moment than after the contact lias Ix'come larger; 
or in other words, the curve should perhaps start a, little less 
abruptly from the axis at the point A. Also, Dr. Ihige has 
stated'*^ that he finds the shock increased by spreading a stratum 
of oil over the surface of the mercury ; in this case it is probable 
that the termination of tlie current is nior(‘ sudden, on account 
of the prevention of the eomlmstion of tlie medal by means of 
the oil, and tlie fact that the emd of the conductor is drawn up 
into a non-conducting medium. 

91. The time of the subsidence of the current when tlie circuit 
is broken by means of a surface of mercin-y, is ve'ry small, and 
probably does not exceed the ten-thousand tli part of a. S(‘cond, 
but even this is an. appreciable duration, since 1 find that the 
spark at the ending presents the appe^arance of a. band of light 
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of consicleral)lc longtli, wlien viewed in a mirror revolving at 
the rate of six hiiii(ln‘(l iiituis in a second; and I think the 
variations in tlui time of the ending of a current under the dif- 
ferent conditions may be detected by niea,ns of this instrument. 

92 . Before concluding this coninuinication, 1 should state that 
I have made a number of a,tt(,unj)ts to verify the suggestion 
given in my last ])aper (No. Ill, B;J7) that an inverse induction 
is produced by a, ga,lvanic (uirnuit by a change in the distance 
of the (‘ondiud.ors, but without siicc(‘ss. These attempts were 
made before I had a.do])t(‘d l.lu; vi(nvs given in this section^ and 
since tlun I hav(^ found (SO) a. more simple explanation of the 
alternation of tlu; (nii-nmts. 

93. In this nurnlKu- of my Contributions, tlic phenomena ex- 
hibited by the galvailut ap[)aratus liave alone been discussed. I 
have, however, inadc^ a. seri(*s of (‘X]K‘riments on tlic induction 
from ordinary (‘l(‘ci,ri(‘iiy, and tlu' r(‘-a(*tion of soft iron on cur- 
rents; and I iJiink tlial, th(^ r(\snlts of these can. also be referred 
to the sim{)l(‘ principl(‘s adoptcMl in I, his paper; but they require 
further examination before ))eing submitted to the public. 
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Contributions to Eleotrioity and Magnetism 


No. V 

On Induction from OtiDiNARY Electricity; and on the Oscil- 
liATORY Discharge 

By JOSEPH HENRY 

{Proceedings of the Americum Philosophical Society, Vol. II, pp. 193-196, 
June 17, 1842; Scientijic Writings, Vol. I, p. 200.) 

Professor IIbnry prosoniod the record of a scries of experi- 
ments on induction from ordinary electricity, as the fiftli number 
of his (^)Mtri billions to bilectricity and Magnetism. Of these 
e.vperinicmts he gave an oral account, of which the following is 
the substance. 

In (.he third number of liis Contributions lie liad shown on 
this subjc^ct: 1. ''Fhat the dischargi^ of a lA\yden liattery througli 
a (ionductor, developed in an adjoining ])ara,llel conductor an 
indiiccHl cvirnmt, analogous to that which, under similar cir- 
cumstaiUH's, is producial by a galvanic current. 2. That the 
direction of lh(‘ induced (jurrent, as indicated by the polarity 
given to a. si(‘t*l lUHallc', (dianges its sign witli a change of dis- 
tance of (.h(‘ two ('ondu(d.ors, and also with a change in the 
quantity of the discharge of (4(‘(4,ricity. d. That when the in- 
(IikhmI currmit is madi^ to act on a. third (Conductor, a second 
induced ('iirnvnt is dcwelojicd, which ('.a.n again dcwidop a,nother, 
and so on (,h rough a s(*ries of su<i(a‘ssiv(^ inductions. 4. Idiat 
when a plali‘ of imd.al is intiuqiosed betwinm any i.wo of the 
cons(‘(tui.iv(^ condmd.ors, i.lui indii(U‘d (mrrimt is lumtralized by 
the a,dvers(‘ aid, ion of a (uirrimt in thi^ plate. 

Th(‘ direction of the indiUHRl (Mirrents in all the author's 
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experiments was indicated by the polarity given to steel needles 
enclosed in a spiral, the wire of which formed a part of tlie 
circuit- But some doubts were reasonably entcidained of ihe 
true indications of the direction of a current by this means, 
since M. Savary had announced in 182(), that wlien several 
needles are placed at different distances above a wire, tli rough 
which the discharge of a Leyden battery is passed, they are 
magnetized in different directions, and that by constantly in- 
creasing the discharge through a spiral, several reversions of the 
polarity of the contained needles are obtained. 

It was therefore very important before attempting further 
advances in the discovery of the laws of the phenomena,, that 
the results obtained, by M. Savary should be ca,retiilly studied; 
and accordingly the first experiments of the new series I'elato 
to the repetition of them. The author fii-st a,ttem])ted to obtain 
them by using needles of a larger size, Nos. d a,nd 4, such as lie 
had generally employed in all his previous ex])erim(‘nis ; but 
although nearly a thousand needles wevre^ magnch.izcHl in the 
course of the experiments, he did not suc(*(‘c‘d in g(‘l,ting a single 
change in the polarity. The needles wcu'c; always magnetized 
in a direction conformable to the direction ol* ih(‘ el(‘(4,ri('al dis- 
charge. When, however, very fine neculles were (m\ployi‘d he 
did obtain several changes in the polariiy in ih(‘ (lase ol' ihe 
spiral, by merely increasing the quantity of i.lu^ i?l(u;i,ri(‘ity, while 
the direction of the discharge rtunaimnl ili(‘ sanne 

This anomaly which has remained so long un(‘xplain(‘(l, and 
which at first sight appears at varian('(^ with all our i iK'on^lhial 
ideas of the connection of electricity and magiK^iism, was afier 
considerable study satisfactorily relhrnal by lh{‘ aulhor to an 
action of the discharge of the Leyden jar whi(*h bad n(‘V(*r bti- 
fore been recognized. The discharge*, whai(‘ver may lx* ils natuna 
is not correctly represented (employing for si mpl icily tin* ilit'ory 
of Franklin) by the single transfer of an impond(‘ral)l(^ fluid 
from one side of the jar to the other; tin* pln'iionuma nxpiin* 
us to admit the existence of a principal disrhavtjv in one direr- 
tio.n, and then several reflex acAions hactirnrd and fonranl, edch 
more feeble than the preceding, nnlll the (ninilihrlmn is ob- 
tained. All the facts are shown to Ik? in a('c?onlan('(‘ witli this 
hypothesis, and a ready explanation is affonhxl bv it of a 
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on electricity, but wliicli have until this time remained un- 
explained. 

The same action is evidently connected with the induction of 
a current on its own conductor, in the ease of an open circuit, 
such as that of the Leyden jar, in which the two ends of the 
conductor are separated by the thickness of the glass. And 
hence, if an induced current could be produced in this case, one 
should also be obtalnc'd in tluit of a second conductor, the ends 
of whicli are separated; and this was detected by attaching to 
the ends of tlie opcai circuit a. quantity of insulated metal, or 
by coniu'cting oiuj end with the eartli. 

The iK‘xt part of the research relates to a new examination 
of tlie |)}ienomena of tlie change in tlie direction of the induced 
currents, with a change of distance, etc. Tliese arc sliown to be 
due to th(‘ fact that lh(‘ disciiargo from a jar does not produce 
a singk^ induc(!d current in one direction, but vseveral successive 
currenis in opposite' diree'tions. The effect on the needle is prin- 
eapally produceel by twe> e>f these: the first is the more powerful 
and in tlie^ a,dveu*se‘ elii’e'ed.ie>n with tliat ol the jar; the second is 
less poweu’fuL and in tlie same eliiuction with that of the jar. To 
ex])lain ilu' e'liange' eif peihirity, let us suppose tlie capacity of the 
needle io ree-euvei magimtism te) be represented by T 10, while the 
])ow(‘r of (lu' fii’si: indiu'ed curn'iit lo [iroduce magnetism is repre- 
sented liy — IT), and that of the second by -f- 1'^; tlien tlie needle 
will be magiH'tizc'd l,o satura,tion or to — 10, by the first induced 
current, and imiiK'diaicdy afU'rwards all this inagnetisrn. will be 
nentraJiz(‘(l by the. adverse sticond induction, and a power of -|- 2 
will rcuna/m ; so that the pohirity of tlie nc^edle in this case will 
indicate an induci'd (uirrcmt in the same diniction as that of the 
jar. Next, lei. tlu^ conductors be so fa.r stvpa.rated, or tlie charge 
so nincli diminish(‘d, that tlu! power of the first current to 
develop magnetism may b(‘. nahued to — R, while that of the 
second (uirn'iii, is rt'diu^c'd to T (>, the magnetic capacity of the 
Mccidki remaining i.lu^ same. It is evident then tliat the first 
(uirrent will magiu'tizc^ tlu' luedle to — 8, and that the second 
current will imim^diai.ctly a,fterwa,i*ds neutralize (> of this, and 
consequently tlu^ neculle will retain a. magnetism of —2, or will 
indiciate an. induced curixuit in an (qiposite direction to that of 
the jar. 
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gations, a remarkable result was obtained in regard to the dis- 
tance at which inductive effects are produced by a very small 
quantity of electricity ; a single spark from the prime conductor 
of the machine, of about an inch long, thrown on the end of 
a circuit of wire in an upper room, produced an induction 
sufficiently powerful to magnetize needles in a parallel circuit 
of wire placed in the cellar beneath, at a perpendicular distance 
of thirty feet with two floors and ceilings, each fourteen inches 
thick, intervening. The author is disposed to adopt the hy- 
pothesis of an electrical 'plenum, and from the foregoing experi- 
ment it would appear that the transfer of a single spark is 
sufficient to disturb perceptibly the electricity of space through- 
out at least a cube of 400,000 feet of capacity; and when it is 
considered that the magnetism of the needle is the result of the 
difference of two actions, it may be further inferred that the 
diffusion of motion in this ease is almost comparable with that 
of a spark from a flint and steel in the case of light. 

The author next alludes to a proposition which he advanced 
in the second number of his Contributions, namely, that the 
phenomena of dynamic induction may be referred to the known 
electrical laws, as given by the common theories of electricity; 
and he gives a number of experiments to illustrate the connec- 
tion between statical and. dynamical induction. 

The last part of the series of experiments relates to induced 
currents from atmospheric electricity. By a very simple ar- 
rangement, needles are strongly magnetized in the author^s 
study, even when the flash is at the distance of seven or eight 
miles, and when the thunder is scarcely audible. On this princi- 
ple he proposes a simple self-registering electrometer, connected 
■with an elevated exploring-rod. 

Biographical Sketch 

Joseph Henry was born in Albany, in the State of New Y ork, 
Decembeiri7, 1799 , and^ie4Jn Washington, D. C., May 13, 
J8 78. His, scientific. wor^^ with his appointment, in 1826, 

to the chair of Mathematics and Natural Philosophy , in th e 
Academy at Albany. In 1832 his fame was so great that he 
was called to be Professor of Natural Philosophy in the College 
of New Jersey at Princeton. In 1846 he was elected to be the 
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Heci-etary aiul Director of the Sinithsoiiian Institution, in 
loigton, a position which ho lield until his death. Among 
‘ offices of honor whicli he occupied were Chairman of the 
ed States Liglithouse Board, President of the Washington 
)So])hical Society, and President of the National Academy 
cieiK'es. 

was wliile lie was at the Albany Academy that he devised 
' intensity '' and quantity magnets, for which he wound 
s or i)obl)ins of wire around the ends of a piece of soft iron 
into the shajie of a liorse-shoe. This was the first use of a 
of wire in electro-magnetism. ITe showed that an in- 
ly inagiud: could be used at a distance, thus making the 
v(iry of the (‘ssential princi])les of the telegraph; and he 
ed furtluu* that lie had a clear understanding of what is 
called Ohm’s Ijaw. lie made the first magneto-electric 
r, and began the series of investigations which ended in 
liscovery of sidf- a,nd mutual induction in 1829 and 1830. 
1 moving to Princid-on, in 1832, lie continued his work on 
ro-magmd i(t induction, proving the exivstence of currents of 
Ihird, fourth, etc., orders, lie investigated also the dis- 
>-e of a, Liyden. jar, proved that it was oscillatory in charac- 
uid show(‘d lhat iis inductive effects could be detected at 
daiK'e of two hundred feet, thus clearly establishing the 
(m('(‘ of (d(‘d.ro-magnel.ie waves. 

181(>, II(‘iiry accephul (he offic'c of Secretary and Director 
le Sniiihsonian Institution, and displayed in its establish- 
, a,nd managcmient wonderful executive ability. PLis most 
irtant s(*i(mtiri(' work was now in connection with researches 
)und, and sound propa.ga,tion. Ilnder his direction, the 
hsoniaii Institution <‘sta.blish(‘d a comprehensive system of 
raphic mdcorology throughout the United States, made 
ith(*r maps,'’ and pn‘[)a,r(‘d wiaither predictions, 
mry’s SdimlBp! Writings have lieen collected and published 
VO volumes by the Smithsonia,n Institution, Washington, 
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A New Astronomy 

r.Y 

DAVID P. 'J'ODD, M.A., Ph.D. 

Professor uf Astronomy and Dinn-tor of the Observatory, Amherst College. 


Cloth, 121110, 480 pages. Illustrated - - Price, $ 1.30 


This book is designed for classes pursuing the study in 
High Schools, Academies, and Colleges. The author’s 
long e.xperience as a director in astronomical observatories 
and ill teaching the subject has given him unusual qualifi- 
cations and atl vantages for preparing an ideal text-book. 

The noteworthy feature which distinguishes this from 
other te.xt-books on Astronomy is the practical way in 
which the subjects treated are enforced by laboratory 
experiments and methods. In this the author follows the 
princi[)le that Astronomy is preeminently a science of 
observation and should be so taught. 

liy pla<dng more importance on the physical than on 
the mathematical facts of Astronomy the author has made 
every page of the liook deeply interesting to the student 
and the gtmcral reader. The treatment of the planets and 
other heavenly bodies and of the law of universal gravita- 
tion is inmsiKdly full, clear, and illuminative. The mar- 
velous discoveries of Astronomy in recent years, and the 
latest advances in methods of teaching the science, are 
all represented. 

I’lie illustrations are an important feature of the book. 
Many of them are so ingeniously devised that they explain 
at a glance what jiagcs of mere description could not make 
clear. 

C^pii’s of Todifs Nnv Astro7tomy will he .re.’;//', pi^epaid^ to any address 
on receipt of the price by the Publishers : 

American Book Company 

NEW YORK ♦ CINCINNATI 

(x8*) 
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Text- Books in Geology 


By JAMES D. DANA, LL.D. 

I^ate Professor of Geology and Mineralogy in Yale University. 

DANA’S GEOLOGICAL STORY BRIEFLY TOLD . . . $1.15 

A new and revised edition of this popular text-book for beginners in 
the study, and for the general reader. The book has been entirely 
rewritten, and improved by the addition of many new illustrations and 
interesting descriptions of the latest phases and discoveries of the science. 
In contents and dress it is an attractive volume, well suited for its use. 

DANA'S REVISED TEXT-BOOK OF GEOLOGY . . . $1.40 

Fifth Edition, Revised and Enlarged. Edited by William North 
Rice, Ph.D., LL.D., Professor of Geology in Wesleyan University. 
This is the standard text-book in geology for high school and elementary 
college work. While the general and distinctive features of the former 
work have been preserved, the book has been thoroughly revised, enlarged, 
and improved. As now published, it combines the results of the life 
experience and observation of its distinguished author with the latest 
discoveries and researches in the science. 

DANA'S MANUAL OF GEOLOGY . . . ... . $5.00 

Fourth Revised Edition. This great work is a complete tliesaurus of 
the principles, methods, and details of the science of geology in its 
varied branches, including the formation and inetainorphisni of rocks, 
physiography, orogeny, and epeirogeny, biologic evolution, and paleon- 
tology. It is not only a text-book for the college student but a hand- 
book for the professional geologist, d'he book was (irst issued in 1862, 
a second edition was published in 1S74, ^ third in iSSo. Later 

investigations and developments in the science, esi)ecia]ly in the geology 
of North America, led to the last revision of the work, which was nuxst 
thorough and complete. This last revision, making the work substantially 
a new book, was performed almost exclusively by Dr. Dana himself, and 
may justly be regarded as the crowning work of his life. 


Cojiies of a7iy of Dunams Geolofies will bo soit^ prepaid^ to any address on 
receipt of the price. 

American Book Company 



Biology and Zoology 


DODGE'S INTRODUCTION TO ELEMENTARY PRACTICAL 
BIOLOGY 

A Laboratory Guide for High School and College Students. 

By Charles Wright Dodge, M.S., Professor of Biology 

in the University of Rochester $1.80 

This is a manual for laboratory work rather than a 
text-book of instruction. It is intended to develop in the 
student the power of independent investigation and to 
teach him to observe correctly, to draw proper conclusions 
from the facts observed, to express in writing or by means 
of drawings the results obtained. The work consists 
essentially of a series of questions and experiments on 
the structure and physiology of common animals and 
plants typical of their kind — questions which can be 
answered only by actual investigation or by experiment. 
Directions are given for the collection of specimens, for 
their preservation, and for preparing them for examination; 
also for performing simple physiological experiments. 

ORTON’S COMPARATIVE ZOOLOGY, STRUCTURAL AND 
SYSTEMATIC 

By James Orton, A.M., Ph.D., late Professor of Natural 
History in Vassar College. New Edition revised by 
CiiARLKS WRiGirr Dodge, M.S., Professor of Biology in 
the University of Rochester . . . . . , $1.80 

This work is designed primarily as a manual of 
instruction for use in higher schools and colleges. It 
aims to present clearly the latest established facts and 
principles of the science. Its distinctive character con- 
sists in the treatment of the whole animal kingdom as a 
unit and in the comparative study of the development and 
variations of the different species, their organs, functions, 
etc. The book has been thoroughly revised in the light 
of the most recent phases of the science, and adapted to 
the laboratory as well as to the literary method of teaching. 


Copies of either of the above books 'ivill be sent ^ prepaid^ to any address 
on receipt of the price. 

American Book Company 

New York ♦ Cincinnati ♦ Chicago 

(167) 



Text-Books in Natural History 


By JAMES G. NEEDHAM, M.S. 

Instructor in Zoology, Knox College, Galesburg, 111. 

NEEDHAM'S ELEMENTARY LESSONS IN ZOOLOGY . 90 cents 

A guide in studying animal life and structure in fieM and laboratory 
adapted for use in High Schools, Academies, Normal Schools, etc. 
It has been prepared to meet the widely recognized demand for a text- 
book in this department of Natural History which should be brief in 
compass, accurate in statement, and scientific in treatment. 

Some of the leading features of the book are : the selection of 
types for study that are common and easily accessible ; the clear and 
ample directions given for collecting material for study ; the means 
suggested for studying animal life; the microscopic study of the 
simpler animal types ; the adaptation of the book to the use of schools 
with little material equipment ; the natural and easily comprehensible 
method of classification ; the directions for studying the lives of animals, 
their powers and instincts, morphology, physiology, and natural 
development, 

NEEDHAM’S OUTDOOR STUDIES .... 40 cents 

This little book is intended to supply a series of lessons in Nature 
Study suitable for pupils in the Intermediate or Grammar Grades. 
Designed for pupils of some years of experience and some previous 
training in observation, these lessons are given as guides to close and 
continued observation, and for the educative value of the phenomena of 
nature which they describe. 

As indicated in its title, the book is designed as a guide for field 
work as well as a reader in Nature Study. In connection with the lessons, 
the author gives such simple and explicit directions for field study that 
the pupil may follow them individually without the aid of a teacher. 

Wherever a plant or animal is described, a number is inserted in the 
text referring to a list of scientific names at the end of the book. 


Copies of either of the above books will be sent^ prepaid^ to any address 
on receipt of the price. 

American Book Company 

New York ♦ Cincinnati ♦ Chicago 

(i66) 



STORER AND LINDSAY’S 

Elementary Manual of Chemistry 

By F. H. STORER, S.B., A.M., and W. B. LINDSAY, A.B., B.S. 
Cloth, 12mo, 453 pages. Illustrated. Price, $1.20 


This work is the lineal descendant of the Manual of 
Inorganic Chemistry” of Eliot and Storer, and the ‘‘Ele- 
mentary Manual of Chemistry” of Eliot, Storer and Nichols. 
It is in fact the last named book thoroughly revised, 
rewritten and enlarged to represent the present condition 
of chemical knowledge and to meet the demands of American 
teachers for a class book on Chemistry, at once scientific 
in statement and clear in method. 

The purpose of the book is to facilitate the study and 
teaching of Chemistry by the experimental and inductive 
method. It presents the leading facts and theories of the 
science in such simple and concise manner that they can 
be readily understood and applied by the student. The 
book is equally valuable in the classroom and the laboratory. 
The instructor will find in it the essentials of chemical 
science developed in easy and appropriate sequence, its 
facts and generalizations expressed accurately and scientifi- 
cally as well as clearly, forcibly and elegantly. 


‘ Tt is saf e to say that no text-book 
has exerted so wide an influence 
on the study of chemistry in this 
country as this work, originally 
written by Eliot and Storer. Its 
distinguished authors were leaders 
in teaching Chemistry as a means 
of mental training in general edu- 
cation, and in organizing and per- 
fecting a system of instructing 
students in large classes by the 
experimental method. As revised 
and improved by Professor Nichols, 
it continued to give the highest 
satisfaction in our best schools and 
colleges. After the death of Pro- 
fessor Nichols, when it became 


necessary to revise the work again, 
Professor Lindsay, of Dickinson 
College, was selected to assist Dr. 
Storer in the work. The present 
edition has been entirely rewritten 
by them, following throughout the 
same plan and arrangement of the 
previous editions, which have been 
so highly approved by a generation 
of scholars and teachers. 

“ If a book, like an individual, 
has a history, certainly the record 
of this one, covering a period of 
nearly thirty years, is of the highest 
and most honorable character.” 
— From The American Journal oj 
Science. 


Copies cf this book •will be sent prepaid to any address., on receipt oT the price^ 
by the Publishers : 

American Book Company 

New York ♦ Cincinnati ♦ Chicago 
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Text-Books in Physics 


ROWLAND AND AMES'S ELEMENTS OF PHYSICS 

This is an elementary text-book designed for high schools and college 
preparatory schools. It treats tlie various branches of the science in an 
elementary manner and gives full descriptions of the laboiatoiy experi- 
ments necessary to illustrate the text. 

AMES’S THEOI^Y OF PHYSICS $1 60 

For junior classes in colleges or technical schools. The work is 
arranged in live parts treating, respectively, Mechanics, Sound, Heat, 
Electricity and Magnetism, and Light. Each part is systematically 
subdivided and treated, and the book fully indexed. 

AMES AND BLISS’S MANUAL OF EXPERIMENTS IN PHYSICS. $1.80 
A course in laboratory instruction for college classes, thoroughly 
practical, and designed to offer the most approved methods of demon- 
stration from a modern standpoint. 

HOADLEY’S BRIEF COURSE IN GENERAL PHYSICS 

A brief course in General Physics for high schools, academies, and 
other preparatory schools, combining the latest results of scientific 
progress with the best methods of teaching the science. 

COOLEY’S STUDENT’S MANUAL OF PHYSICS . . . $1.00 

A new' text-book in Physics for high schools, academies, and colleges. 
It embodies a full and thorough treatment of the laws of physics, the 
best methods in science teaching, the latest discoveries and applications 
in physics, and a full course in laboratory practice. 

APPLETONS’ SCHOOL PHYSICS $1.20 

A modern text-book which reflects the most advanced pedagogical 
methods and the latest laboratory practice. 

STEELE’S 'POPULAR PHYSICS $100 

A popular text-book in which the principles of the sciences are pre- 
sented in such an attractive manner as to awaken and fix the attention. 

HARRINGTON’S PHYSICS FOR GRAMMAR SCHOOLS . 50 cents 

Based on the experimental method, elementary enough for grammar 
schools, and affording a thorough preparation for advanced study. 

HAMMEL'S OBSERVATION BLANKS IN PHYSICS . . 30 cents 

A pupil’s laboratory manual and notebook for the first term’s work. 


Copies of these boohs will be sent^ prepaid^ on receipt of the price. 


American Book Company 

New York ♦ Cincinnati ♦ Chicago 
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Gray’s Series of Botanies 

By the late Asa Gray, LL.D., of Harvard University 


FOR ELEMENTARY AND GRAMMAR SCHOOLS 

Gray’s How Plants Grow. With a Popular Flora . . $0.80 

A simple introduction to the study of Botany. 

Gray s How Plants Behave. A Botany for Young People . -54 

A primary book showing how plants move, climb, act, etc. 

FOR SECONDARY SCHOOLS 

Gray’s Lessons in Botany. Revised edition . . . .94 

Gray’s Field, Forest, and Garden Botany. New edition, 

containing Flora only . . . . . . . 1 .44 


Gray’s School and Field Book of Botany. Comprising the 

Lessons and “ P'ield, Forest, and Garden Botany/^ 1.80 
A complete book for school use. 

FOR COLLEGES AND ADVANCED STUDENTS 

Gray’s Manual of Botany. Revised, containing Flora only. 

For the Northern United States, east of the Missisippi, 1.62 
The Same. Tourist’s edition. Thin paper, flexible leather, 2.00 
Gray’s Lessons and Manual of Botany. One volume. Revised, 

comprising the “Lessons in Botany” and the “Manual,” 2.16 
Gray’s Botanical Text-Book 

I. Gray’s Structural Botany 2.00 

11. Goodale’s Physiological Botany .... 2.00 

FOR WESTERN STUDENTS 

Coulter’s Manual of the Botany of the Rocky Mountains . 1.62 

Gray and Coulter’s Text-Book of Western Botany. Com- 
prising Gray’s “Lessons” and Coulter’s “ Manual of 
the Rocky Mountains” 2.16 


Copies of any of the above hooks will be sent^ prepaid^ to any address 
on receipt of the price by the Publishers : 

American Book Company 

NEW YORK ♦ CINCINNATI ♦ CHICAGO 
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Halleck’s Psychology and 
Psychic Culture 

By REUBEN POST HALLECIC, M.A. (Yale) 

Cloth, 12ino, 368 pages. Illustrated .... Price $1.25 


This new text-book in Psychology and Psychic Culture 
is suitable for use in High School^ Academy and College 
classes, being simple and elementary enough for beginners 
and at the same time complete and comprehensive enough 
for advanced classes in the study. It is, also well suited 
for private students and general readers, the subjects being 
treated in such an attractive manner and relieved by so 
many apt illustrations and examples as to fix the attention 
and deeply impress the mind. 

The work includes a full statement and clear exposition 
of the coordinate branches of the study — physiological and 
introspective psychology. The physical basis of Psychol- 
ogy is fully recognized. Special attention is given to 
the cultivation of the mental faculties, making the work 
practically useful for self-improvement. The treatment 
throughout is singularly clear and plain and in harmony 
with its aims and purpose. 

“ Halleck’s Psychology pleases me very much. It is short, clear, 
interesting, and full of common sense and originality of illustration. 
I can sincerely recommend it.” 

WILLIAM JAMES, 

Professor of Psychology, Harvard University. 


Copies of Halleck's Psychology will be sejit^ prepaid, to any address on 
receipt of the price by the Publishers : 


American Book Company 


Mew York 
C193) 


Cincinnati 


Chicago 




